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I. SUMMARY

This report addresses the progress under contract NAS3-24619 toward the
goal of establishing a relevant data base for use in improving the predictive
design capabilities for external heat transfer to turbine vanes, including the
effects of downstream film cooling with and without leading edge showerhead
film cooling.

Experimental measurements were made in a two-dimensional cascade previ-
ously used to obtain vane surface heat transfer distributions on non-film
cooled airfoils under contract NAS3-22761 and leading edge showerhead film
cooled airfoils under contract NAS3-23695. The principal independent para-
meters -- Mach number, Reynolds number, turbulence, wall-to-gas temperature
ratio, coolant-to-gas temperature ratio, and coolant-to-gas pressure ratio --
were maintained over ranges consistent with actual engine conditions and the
test matrix was structured to provide an assessment of the independent influ-
ence of parameters of interest, namely, exit Mach number, exit Reynolds
number, coolant-to-gas temperature ratio, and coolant-to-gas pressure ratio.
Data from this contract provide a data base for downstream film cooled turbine
vanes and extends the data bases generated in the previous two studies.

The vane external heat transfer data obtained in this program indicate
that considerable cooling benefits can be achieved by utilizing downstream
film cooling. The downstream film cooling process was shown to be a complex
function of two competing mechanisms. The thermal dilution effect, associated
with the injection of relatively cold fluid, results in a decrease in the heat
transfer to the airfoil. Conversely, the turbulence augmentation, produced by
the injection process, results in increased heat transfer to the airfoil. The
data obtained in this program and presented in this report illustrate the
interaction of these variables and should provide the airfoil designer and
computational analyst the information required to improve heat transfer design
capabilities for film cooled turbine airfoils.
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I11. HARDWARE AND INSTRUMENTATION

This section provides a detailed description of the facility and hardware
used in acquiring the heat transfer and vane surface and cascade throat static
pressure data. A complete description of the cascade is given together with
the locations of all facility and cascade instrumentation.

3.1 Facility Description

This experimental investigation was performed in the Allison Aerothermo-
dynamic Cascade Facility (ACF). The purpose of this facility is to conduct
experimental research in high-temperature turbine component models that embody
advanced cooling technigues, aerodynamics, oOr materials. The experimental
approach employs a 2D model technique, with full dynamic similarity in free-
stream Mach number (Ma) and boundary layer Reynolds number (Re) effects, and
provides an experimental method to separate the effects on local heat
transfer.

The facility consists of a burner, a convergent section, a free-stream
section with instrumentation and optical access, a test section with instru-
mentation, a quench zone with back pressure regulation and an exhaust system.
The facility is shown schematically in Figure 1.

Steam Pressure
Torch 4 cooling shell
ignitor Circumferential annulus
pa}ur@! gas Flame i Turbulence
injection holder Transition Quarlz augmentation
{ section window Exit
\ \‘ control
t3izz valve
- X
> Marguardt bur ner
. Exhaust
Cooling Coolin A Endwall \
water waler 9 Transition duct F00|‘n9 . Exit probe quench
supply dump steam cooling jackets Exit traverse  water
Filtered air supply supply Three vane probe system TE80-513A
regulated to set cascade

pressuré or flow

Figure 1. Schematic of the Aerothermodynamic Cascade Facility.



The Mach number and Reynolds number modeling considerations necessitate a
burner with a large temperature, flow, and pressure range. This burner capa-
bility, coupled with back pressure regulating valve, allows experimental
separation of free-stream Mach number and bourdary layer Reynolds number
effects to accurately simulate a wide range of engine designs and operating
conditions.

A constant cross section is provided downstream of the burner to estab-
Tish uniform inlet velocity, temperature, and turbulence profiles. This

test section from radiant heat transfer from tae primary combustion zone. The
walls of the test section are cooled with steam to keep them at, or close to,
the vane surface temperature to prevent radiant exchange. The test section
design is unique in that it incorporates both ierodynamic and heat transfer
data acquisition in a single tunnel, thereby r:ducing costs and ensuring the
correlation of heat transfer and aerodynamic dita for the single set of
airfoils.

3.2 Facility Instrumentation and Geometry

The various flow circuits of the ACF incorporate standard inline instru-
mentation for measurement of flow rate, pressure, and temperature. American
Society of Mechanical Engineers (ASME) standard sharp-edged orifices are used
throughout to provide flow-rate measurements. The orifices used to meter the
secondary flow systems for the current tests were calibrated to provide flow
measurement accuracy to +2%. Facility and rig pressures were measured using
two Scanivalve pressure scanners; one with six modules, each capable of han-
dling 48 individual absolute pressures, and the other, with two modules cou-
pled together to handle 24 differential pressures. Pressure transducers of
appropriate ranges matched to the current experiment were inserted in these
modules. FEach time a set of data was taken, the pressure transducers were
calibrated using an online Pressure calibration system consisting of four dead
weight testers connected to the pressure scanners. The standard pressures
from three of the dead weight testers were meas,red by each of the pressure
transducers to obtain a new calibration before 2ach set of data was acquired.
There are 300 Chromel-Alume] (CA) thermocouple circuits available in the
laboratory for temperature measurement. These circuits are coupled to the
data acquisition system through temperature-stabilized reference junctions.

A two-axis computer-controlled traverse sy:tem permits surveys of inlet
pressure and temperature fields to be made. Access at the test section exit
plane allows the installation of a three-axis computer-controlled traversing
system, which enables exit pressure and/or temperature measurements to be made
across the entire exit plane. Specifications regarding facility instrumenta-
tion are detailed in Table I.

The flow path upstream of the cascade in tre ACF takes the burner dis-
charge from a 31.5 cnm (12.4 in.) diameter through a 50.8 cm (20. in) long
transition section to a 7.6 cm X 27.9 c¢cm (3 in. x 11 in.) rectangular section.
A photograph of the transition duct is shown in Figure 2. The rectangular
section upstream of the cascade is 36.83 cm (14.50 in.) Tong and contains
inlet instrumentation. A schematic of the inlet and test section, showing the
relative positions of the inlet and exit instrumantation, is shown in
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Table 1.

Aerothermodynamic cascade facility instrumentation

Pressure scanner

Pressure transducers

Accuracy

Thermocouple channels

Accuracy

Traversing gear

Anemometers
Survey probes

Scanivalve systems with 288 ports for absolute
pressures and 24 ports for differential pressures.
Druck and Scanivalve, with ranges from 0-68.9 kPa to
0-689.4 kPa (0-10 psia to 0-100 psia)

+0.06% BSL

300 CA

+0.39C with calibration

L.C. Smith 3-axis traversing system with computer
interfaces. Discrete stepping capability to .001 of
the traversing range.

LDA

Traversing CA thermocouple

Traversing pressure or 5-hole cone probe

Figure 2.

TE 80~865

Burner-to-cascade inlet transition duct.



Figure 3. The inlet instrumentation consists of two inlet core total pressure
rakes (each containing five total pressure projes), two inlet core temp-
erature rakes (each containing five thermocouples), and eighteen endwall
static pressure taps. The converging transitiin duct contains seven endwall
static pressure taps. Thirty seven endwall stitic pressure taps are located
in the endwall of the cascade at the exit plan2. Six static pressure taps
each are located at the cascade throat endwall to measure cascade throat
pressures. Figure 4 shows a photograph giving the details of the endwall
pressure taps.
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Q Leading edge plane
@ Exit static pressure taps

TEB2-6020C

Figure 3. Facility instrumentation schematic.
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Figure 4. Details of the endwall static pressure taps at the exit

plane and cascade throat.



3.3 Cascade Description

The three-vane cascade employed in this test, shown in Figure 5, was the
C3X cascade previously used in the experimental studies reported in References
1 and 2. The center test vane was replaced with a new C3X vane which had
suction side, leading edge, and pressure side film cooling arrays. The test
vane was initially fabricated as a single piece. After all the film cooling
holes and plenums and the ten radial cooling holes were machined, the vane was
cut into a nose and a tail piece to form a thermal barrier between the film
cooled nose piece and the rest of the vane. Photographs of the test vane are
shown in Figure 6. The two pieces of the vane were held together by two
pinned tabs mounted on each end of the vane. The two pin tabs were mounted
before the vane was cut into two pieces in order to maintain the vane surface
geometry.

The vane coordinates for the C3X airfoil are given in Table II. Figure 7
shows the cascade coordinate system used to define the airfoil shape.
Table IIT lists additional geometry information far the cascade.

The test vane was internally cooled by an array of 10 radial cooling
holes. The hole configuration is shown in Figure 8, which also depicts the
finite element model (FEM) and the film cooling g=ometry. The radial cooling
holes of each of the outer two slave vanes were supplied from a common plenum,
whereas each hole in the test vane was supplied from a separate, metered line.

Flow splitters adjacent to the outer vanes and a tailboard were used to

ensure periodicity. The exit plane static pressure taps provided information
necessary to establish periodicity.

3.4 Film Cooling Geometry Description

The film cooling geometry for the test vane consisted of film cooling
arrays on the leading edge, the suction surface, ¢nd the pressure surface.
The leading edge film cooling geometry employed a showerhead array of five
equally spaced rows of holes with the center row located at the predicted
aerodynamic stagnation point. The hole array was staggered with the holes in
the second row Tocated midway (radially) between the holes in the first and
the third rows. The holes were angled at 45 deg to the surface in the radial
(spanwise) direction (sTant angle). They were normal to the surface in the
chordwise direction (skew angle). Coordinates of the film cooling hole rows
are listed in Figure 8. The leading edge film cocling array was geometri-
cally identical to the one tested in Reference 2. Geometry information for
all film cooling arrays is detailed in Table Iv.

Previous film cooling data of Reference ? incicated that the ideal loca-
tions for the suction and pressure surface film ccoling arrays would be Just
upstream of the suction and pressure surface recovery region respectively.
These Tocations were determined to be 25.2% of the surface distance (as mea-
sured from the geometric stagnation point) on the suction side and 22.5% of
the surface distance on the pressure side. Two cooling hole rows were cen-
tered at these points. The Tength-to-diameter ratio of the holes were kept
the same as the showerhead hole length-to-diameter ratio. The suction surface
holes were inclined at 35 degrees to the surface i1 the chordwise direction
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Photograph of the three vane C3X cascade.

rigure 5.
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Figure 6. Leading edge and downstream film cooled C3X test vane.
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Table II OF POOR QUALITY.
C3X vane coordinates

RLE = 1.168 cm (0.460 in.) RTE = 0.173 cm (0.068 in.)
Position Position
number x--cm (in.) y--cm (in.) number x--cm (in.) y--em (in.)

1 0.1097 (0.0432) 11.6548 (4.5885) 40 7.4849  (2.9468) -0.0617 (-0.0243)
2 0.3894 (0.1533) 12.18%90 (4.7988) 41 7.3188 (2.8814) 0.3559 (0.1401)
3 0.7658 (0.3015) 12.6764 (4.9907) 42 7.1483  (2.8143) 0.7737 (0.3046)
4 1.2723  (0.5009) 13.0233 (5.1273) 43 6.9736 (2.7455) 1.1895  (0.4683)
5 1.8743  (0.7379) 13.1376 (5.1723) 44 6.7950 (2.6752) 1.6035 (0.6313)
6 2.4707 (0.9727) 12.9939 (5.1157) 45 6.6116 (2.6030) 2.0155 (0.7935)
7 2.9835 (1.1746) 12.6538 (4.9818) 46 6.4237  (2.5290) 2.4254  (0.9549)
8 3.3985 (1.3380) 12.1976 (4.8022) 47 6.2309 (2.4531) 2.8329 (1.1153)
9 3.7376  (1.4715)  11.6817  (4.5991) 48 6.0328 (2.3751) 3.2380 (1.2748)
10 4.0272 (1.5855) 11.1364 (4.3844) 49 5.8296 (2.2951) 3.6406  (1.4333)
11 4.2885 (1.6884) 10.5766 (4.1640) 50 5.6203 (2.2127) 4.0401 (1.5906)
12 4.5326 (1.7845) 10.0094 (3.9407) 51 5.4051 (2.1280) 4.4364 (1.7466)
13 4.76648 (1.8759) 9.4369 (3.7153) 52 5.1834 (2.0407) 4.8290 (1.9012)
14 4.9870 (1.9634) 8.8605 (3.4884) 53 4.9548 (1.9507) 5.2177  (2.0542)
15 5.2019 (2.0480) 8.2814 (3.2604) 54 4.7191  (1.8579) 5.6020 (2.2055)
16 5.4110 (2.1303) 7.7003 (3.0316) 55 4.6780 (1.7622) 5.9817 (2.3550)
17 5.6157 (2.2109) 7.1176  (2.8022) 56 4.2248 (1.6633) 6.3563 (2.5025)
18 5.8171 (2.2902) 6.5336 (2.5723) 57 3.9654  (1.5612) 6.7249 (2.6476)
19 6.0160 (2.3685) 5.9487 (2.3420) 58 3.6975  (1.4557) 7.0874 (2.7903)
20 6.2126 (2.4459) 5.3632 (2.1115) 59 3.4204  (1.3466) 7.44630 (2.9303)
21 6.4074  (2.5226) 4.7767 (1.8806) 60 3.1339  (1.2338) 7.7909 (3.0673)
22 6.5997 (2.5983) 4.1897  (1.6495) 61 2.8374  (1.1171) 8.1308 (3.2011)
23 6.7894 (2.6730) 3.6015  (1.4179) 62 2.5314  (0.9966) 8.4615 (3.3313)
26 6.9756 (2.7463) 3.0122 (1.1859) 63 2.2149 (0.8720) 8.7826 (3.4577)
25 7.1575  (2.8179) 2.4221 (0.9536) 64 1.8885 (0.7435) 9.0935 (3.5801)
26 7.3335 (2.8872) 1.8301 (0.7205) 65 1.5519  (0.6110) 9.3932 (3.6981)
27 7.5024  (2.9537) 1.2357 (0.4865) 66 1.2052  (0.4745) 9.6815 (3.8116)
28 7.6624 (3.0167) 0.6391 (0.2516) 67 0.8494 (0.3344) 9.9578 (3.9204)
29 7.8115  (3.0754) 0.0411 (0.0162) 68 0.4999 (0.1968) 10.2116 (4.0203)
30 7.8161 (3.0772) -0.00S3 (-0.0021) 69 0.3848 (0.1515) 10.3035 (4.0565)
31 7.8082 (3.0741) -0.0516 (-0.0203) 70 0.2822 (0.1111) 10.4094 (4.0982)
32 7.7879 (3.0661) -0.0935 (-0.0368) 71 0.1938 (0.0763) 10.5273 (4.1446)
33 7.7572 (3.0540) -0.1288 (-0.0507) 72 0.1212 (0.0477) 10.6556 (4.1951)
34 7.7180 (3.0386) -0.1542 (-0.0607) 73 0.0650 (0.0256) 10.7920 (4.2488)
35 7.6736 (3.0211) -0.1681 (-0.0662) 74 0.0264 (0.0106) 10.9342 (4.3048)
36 7.6269 (3.0027) -0.1699 (-0.0669) 75 0.0063 (0.0025) 11.0802 (4.3623)
37 7.5816 (2.9849) -0.1587 (-0.0625) 76 0.0046 (0.0018) 11.2278 (4.4204)
38 7.5408 (2.9688) -0.1356 (-0.0534) 77 0.0216 (0.0085) 11.3741 (&.4780)
39 7.5077 (2.9558) -0.1026 (-0.0404) 78 0.0569 (0.0224) 11.5171 (4.5343)

11
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Figure 7. C3X vane coordinate system.

Table III.

Cascade geometry

Setting angle, deg
Air exit angle, deg
Throat, cm (in.)

Vane height, cm (in.)
Vane spacing, cm {in.)

Suction surface arc, cm (in.)

Pressure surface arc,
True chord, cm (in.)
Axial chord, cm {in.)

cm (in.)

12

59.
.38

.292
L7122
11.
.037
13.
14.
.816

72

89

773

982
493

o s o — —
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Table 1IV.
Film cooling hole geometry

Leading edge geometric parameters Values

Rows of holes 5
Hole diameter, cm (in.) 0.099 (0.039)
Hole length, cm (in.) 0.335 (0.132)
Hole pitch-to-diameter ratio (P/D) 4,

Hole spacing-to-diameter (S/D) 7
Hole slant angle (a), deg 4
Hole skew angle (B), deg 9

Downstream geometric parameters Values

Rows of holes
Hole diameter, cm (in.)
Hole length, cm (in.)

2
0.099 (0.039)
0.335

Hole pitch-to-diameter ratio (P/D) 4.
3
9

(0.132)

Hole spacing-to-diameter (S/D)

Hole slant angle (a), deg

Hole skew angle (B), deg
Pressure surface 20
Suction surface 35

while the pressure surface holes were at 20 dejrees in the chordwise direc-

tion. Holes in both downstream arrays were normal to the surface in the
spanwise direction.

Three supply plenums, each with a separat:, metered line, were designed
to feed the three film cooling arrays. This s/stem was designed to provide
the capability of individually controlling the blowing parameters of each
array. The film coolant supply was piped through an electric heating system
that provided the capability to vary the coolant supply temperature.

3.5 Test Vane Instrumentation

The heat transfer measuring technique usec for this test does not make
heat transfer measurements in the actual film cooled nose piece. Conse-
quently, the film cooled area was thermally isclated from the rest of the
airfoil. As mentioned before, the thermal barrier was achieved by cutting the
test vane into two segments with the airfoil profile maintained in its origi-
nal contour by two retaining bars pinned to the airfoil ends. Prior to test-
ing, a thin, 0.254 mm (0.010 in.), shim was welded across the thermal barrier
gap on both the pressure and suction surfaces. This provided a smooth conti-
nuous surface on the airfoil. Also, the gap was sealed at the two ends of the
airfoil, thereby creating a sealed air gap between the film cooled region and
the rest of the airfoil. The sealed air gap provided the thermal barrier.

14



The method used to obtain heat transfer measurements 1is based on the work
of Turner (Ref 3), who employed a 2-D plane of the test piece as a fluxmeter.
The technique is implemented by measuring the internal and external boundary
conditions of the test piece at thermal equilibrium and solving the steady-
state heat conduction equation for the internal temperature field of the test
piece. The heat transfer coefficient distribution can be directly obtained
from the normal temperature gradient at the surface.

For the present study, the external boundary conditions were measured
using thermocouples installed in grooves on the exterior surface of the test
vane and in the thermal barrier on the tail piece of test vane. Average heat
transfer coefficients and coolant temperatures for each of the 10 radial
cooling holes provided the internal boundary conditions for the finite element
solution. The heat transfer coefficient for each cooling hole was calculated
from the hole diameter, measured coolant flow rate, and coolant temperature
with a correction (Cr in Figure 8) applied for thermal entry region effects.

Figure 9 shows the distribution of the thermocouples for the C3X airfoil.
The airfoil surface was instrumented with 123 0.51 mm (0.020 in.) diameter
sheathed CA thermocouples, while the thermal barrier region was instrumented
with 18 1.02 mm (0.040 in.) CA thermocouples. Eleven of the 123 thermocouples
on the vane surface were redundant or double thermocouples. They were in-
stalled in critical areas near the film cooling holes and the thermal barrier.
The thermocouple junctions were located in the fully 2-D region of the airfoil
in a plane 0.254 cm (0.100 in.) off midspan. The redundant thermocouple junc-
tions were located 0.635 mm (0.250 in.) away from midspan. Thermocouples were
brought off the vane in 0.58 mm (0.023 in.) deep radial grooves covered with
cement, and blended by hand to provide a smooth surface. In the case of the
double or redundant thermocouples, the grooves were cut to a depth of 1.092 mm
(0.043 in.) to accept two thermocouples. The vane was fabricated of ASTM type
310 stainless steel, which has a relatively low thermal conductivity, thereby
minimizing the error introduced by the grooves.

@ SINGLE THERMOCOUPLES
¢ DOUBLE THERMOCOUPLES

Figure 9. Surface and thermal barrier thermocouple locations for
film cooled C3X airfoil.
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In addition to the thermocouples on the inst-umentation plane, twelve
extra thermocouples were placed on the suction ani pressure surfaces, 1.905 mm
(0.75 in.) on either side of the instrumentation jlane at three axial Tloca-
tions. These and the instrumentation plane tempe-atures at the same axial

Tocations provided a check on the validity of the two dimensionality of the
heat transfer solution.

Each of the tubes supplying the radial cooling holes of the test vane was
instrumented with two static pressure taps and two thermocouples at both the
vane inlet and exit. The static pressure taps we-e Tocated upstream of the
thermocouples in all cases. The flow to each cooling tube was measured using
a calibrated orifice meter.

Each film cooling plenum was instrumented wizh thermocouples and pressure
taps at various locations to provide the coolant supply temperature and pres-

sure. The flow rate to each plenum was measured ising a calibrated orifice
meter.

The test vane surface was instrumented with ;urface static pressure taps
in addition to the heat transfer instrumentation. Forty-six taps were located
around the airfoil outer surface in a plane 0.508 cm (0.200 in.) from midspan
away from the thermocouple instrumentation. The pressure taps were located so
that the taps would be downstream of a film cooling hole. The spacing was
varied to provide a higher density of instrumenta=ion in high pressure gra-
dient regions. Figure 10 illustrates the relative locations of the surface
pressure taps on the C3X airfoil. As in the case of the thermocouples, eleven
of the 46 pressure taps were redundant or doubles and they were located around
the film cooling holes and the thermal barrier. “he double pressure taps were
Tocated behind the next adjacent cooling hole so as to maintain the similari-
ty. Figure 11 shows the technique used to instali the static pressure taps.
Stainless steel tubing, 0.51 mm (0.020 in.) dia, was laid in a radial surface
groove, and the end of the tubing was bent 90 deg to achieve surface orienta-
tion. The tube was secured to the adjacent vane curface by laser welding.

O @ SINGLE PRESSURE TAPS
O € DOUBLE PRESSURE TAPS

s

Figure 10. Surface pressure tap locations for th: film cooled C3X airfoil.
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Figure 11. Installation of vane surface static pressure taps.

The excess tube length was then removed and dressed down to ensure a flush
local condition. The remainder of the groove was then filled with cement and
hand blended smooth with airfoil surface similar to the thermocouple installa-
tions. In cases where there were double pressure taps, a deeper groove was
cut in order to lay two stainless steel tubes, one on top of the other.

In order to measure the spanwise variation of the static pressure on the
airfoil at the cascade throat, 4 seven element pressure rakes were designed
and fabricated using 0.51 mm (0.020 in.) stainless steel tubing. These rakes
were positioned in a 2.31 mm (0.091 in.) wide and 1.45 mm (0.057 in.) deep
groove at the vane throat and laser welded using a 0.254 mm (0.010 in.) shim
cover. Figure 12 shows a photograph of a seven element rake before and after
being installed in the vane surface. Two of these rakes were mounted on the
test vane at the throat on the pressure and suction surfaces and one on each
slave vane on the surfaces adjacent to the test vane. A photograph of the
pressure surface of the airfoil following installation of all surface thermo-
couples and pressure taps is shown in Figure 13.

17
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IV. DATA ACQUISITION AND RECUCTION

4.1 Data Acquisition System

The control room of the ACF contains a dedicated computer-controlled data
acquisition system shown schematically in Figure 14. Data input signals are
multiplexed by Hewlett-Packard (HP) Model 3497 440-channel random access
signal scanner, with analog to digital conversicn performed by an HP 3456A
integrating digital voltmeter. The computer main frame is a Model HP 1000
Series A700 running under the RTE-A operating system.

Input/output devices complementing this central processing unit consist
of a HP 7946 24 mega byte hard disk drive with an integral tape backup,
HP 2563A graphics printer, HP 2526 graphics monitor, HP 9895 dual 9-inch
floppy disk drives and a HP 7475 6-pen plotter. A multitask, facility-
oriented software system that contains general subprograms to do all routine
control measurement tasks exists. The system is flexible and provides for
real-time facility monitoring and diagnosis of instrumentation or control
problems. Software routines developed to meet specific data acquisition
requirements of individual experiments are incorporated into the main system
as interchangeable program segments.

4.2 Data Acquisition Software and Data Reduction Procedures

The data acquisition software written for tiis experimental program is
menu-driven with multiple options that could be -hosen by the operator. These
options also include fairly standard tasks such is transducer calibrations,
block or random scans of temperatures and pressures, and facility operation
point monitoring. Specialized options include tasks such as individual check-
out of film cooling plenum data, radial cooling tube data, plotting of surface
temperature and surface static temperature profiles, full heat transfer data
acquisition, and storage and analysis of all dati. The heat transfer data
acquisition task is operated in three phases.

The first phase of the heat transfer data acquisition task monitored and
displayed the cascade operating condition as the desired run conditions were
being established. The facility instrumentation used to determine the cascade
operating point was described previously in Sect-on III in sub-section
"Facility Instrumentation and Geometry." Cascade inlet total pressure and
temperature were based on readings of the upstream core flow rakes. The
cascade inlet static pressure was defined as the average of readings at 18
endwall static pressure taps near the upstream cure rakes. The average exit
pressure was determined by obtaining an integrated average of the endwall
static pressure taps between midlower-passage to midupper-passage at the
cascade exit plane. The vane average wall temperature was defined as the
average of the midspan vane surface temperatures  Coolant total pressure and
temperature were taken as the average of the coo ant plenum pressure and
temperatures, respectively. The operating condifions of the Mach number, the
Reynolds number (based on true chord), coolant-tc-free-stream pressure ratio,
and coolant-to-free-stream temperature ratio were calculated from these
averaged quantities and displayed continuously or the monitor during the setup
procedure until a satisfactory steady-state condition was achieved. The
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Figure 14. Schematic of the computer controlled data acquisition system.

change in temperature of the vane surface over a fixed period of time was then
monitored until thermal equilibrium was established.

The second phase of the heat transfer data acquisition software sampled,
averaged, and stored the raw pressure and temperature data after the desired
steady-state operating conditions were achieved. A1l of the data were read in
a single sweep that was repeated several times to provide time averaged,
steady-state values. The averaged values for a given run were then stored in
a permanent file on magnetic floppy disks.

A1l necessary calculations were performed in the third phase. The final
run conditions, vane surface static pressure distributions, and temperature
distributions were established. The changes in vane surface temperatures
between readings were checked to verify thermal stability during data acquisi-
tion. Mass flowrates for the radial cooling tubes and the film cooling
plenums were calculated from the orifice meter data.

The average coolant plenum to free-stream pressure ratio and temperature
ratio were calculated. Also film cooling parameters such as discharge coeffi-

cients and blowing ratio (mass flux ratio) based on coolant plenum and local
free-stream conditions were also determined.
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The average coolant temperature for each radial tube at the vane surface
temperature measurement plane was calculated, assuming a linear temperature
rise through the vane cooling hole. The Reynolds number for each cooling tube
was determined from the measured flowrate, cooling hole diameter, and vicosity
based on the average coolant temperature. The Prandtl number (Pr) for the
coolant flow was calculated from the average ccolant temperature. The Nusselt
number (Nup) was then calculated from the follcwing relationship for turbulent
flow in a smooth pipe:

Nug = Cr (0.022 PrO-5 Re,0-8 ) (1)

The correction factor (Cr) is a function of Prandtl number, the tube diameter
Reynolds number (Rep), and the streamwise coordinate at the cooling hole
diameter (x/D), which corrects the Nu expression for a fully developed thermal
boundary layer to account for thermal entrance region effects. The correction
factor found in Ref 4 ranged from approximately 1.03 to 1.12 for the Prandtl
number, tube diameter Reynolds number, and streamwise coordinate at the cool-
ing hole diameter values encountered in this experiment. The average heat
transfer coefficient for each cooling hole was then calculated from the
Nusselt number, hole diameter, and thermal conductivity.

After the data acquisition task is completed, all of the data are trans-
ferred to an HP 1000 Series A900 computer in the Allison Research Laboratories
for further analysis and plotting.

4.3 Heat Transfer Measurement Technique

The heat transfer measurement technique, discussed briefly in
Section 3.5, used a finite element solution of the 2-D Laplacian heat conduc-
tion equation for the vane internal temperature field using measured surface
temperatures and internal cooling hole heat transfer coefficients as boundary
conditions. The technique is illustrated in Figure 15. Inputs to the pro-
gram, in addition to the measured inlet and exit boundary conditions, were the
2-D vane cross-sectional geometry, thermal conductivity of the material, and
the average coolant temperature for each radial hole.

A FEM of the midspan cross section of the airfoil was constructed by
using Allison’s computer aided design/computer aided manufacturing (CAD/CAM)
facilities. The finite element grids used for the present film cooled airfoil
were previously shown in Figure 8. A total of 179 nodes were located around
the airfoil outer surface, while 41 nodes were located on the thermal barrier.
A special effort was made to arrange sufficient elements in the thin trailing
edge region to ensure the quality of the solutisn in that region. Also, the

thermal barrier was designed in a "Z" shape to 2ase the construction of finite
element grids.

A linear fit of all measured midspan surfa:e temperatures for a given run
was used to provide the temperature for each su~face nodal point of the FEM.
Since the finite element program was available n the Allison Data Center IBM
computer, the input to the finite element progrim was created on the HP 1000
Series A900 computer and then transferred to IB4 using a telephone link. The
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heat transfer solution from the finite elemen: program, which is the normal
heat conduction into the vane surface, is traisferred back to the HP 1000 via
the telephone line. The hot gas side local h:at transfer coefficients were
derived by equating the surface normal heat flux to the local convection.

4.4 Data Uncertainties

An uncertainty analysis was performed for the key experimental parame-
ters, using the technique of Kline and McClin:ock (Ref 5). The accuracy of
the external heat transfer coefficient measurement is primarily dependent on
the accuracy of the external vane surface and free-stream gas temperature
measurements, the geometry description for tha finite element program, the
calculation of the heat transfer coefficients for the radial cooling holes,
and the knowledge of the thermal conductivity of the vane material. Details
of the uncertainties of the individual measurements are discussed in Reference
1. Using the uncertainties of the individual measurements, a calculation of
the overall uncertainty in the external heat =ransfer coefficient was made
using the methods of Ref 5. Due to variations in the airfoil thickness along
the chord, it was necessary to calculate the uncertainty at several points.
The maximum uncertainty, based on minimum wal® thickness (distance from cool-
ing hole to exterior surface), was calculated at various regions on the air-
foil. The values ranged from + 7.1% to + 22.5% as shown in Table V. The

uncertainties increase significantly beyond midchord due to a decrease in
airfoil thickness.

Table V.
Experimental Uncert:inties

Uncertainty in heat transfer coefficient measurements

Pressure surface Suction surface
Percent Percent Fercent Percent
surface arc uncertainty sur face arc uncertainty
26-34 +11.8 :0-36 + 9.6
34-45 + 7.1 26-42 + 10.4
45-56 + 8.5 42-48 + 11.5
56-67 + 9.9 48-57 + 7.1
67-78 + 11.7 £7-65 + 8.5
78-89 + 16.7 €5-74 + 9.7
89-100 + 22.5 74-82 + 10.6
£2-91 + 16.8
€1-100 + 22.3

Uncertainty in test parameters

Reynolds number, Re +3.1%
Mach number, Ma + 0.9%
Wall to gas temperature ratio, T./7 + 2.0%
Coolant to freestream pressure ratig, Pc/Pt + 1.0%
Coolant to freestream temperature ratio, TC/Tg + 4.0%
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The uncertainty was also calculated for the test parameters, based on the
methods of Reference 5. The results are given in Table V. The uncertainties
presented in this subsection are intended to provide the analyst with an
indication of the uncertainty in absolute levels in using the data for verifi-
cation purposes. In comparing data runs for a given cascade (i.e., Tooking
for Reynolds number trends, etc), the uncertainty in the comparisons is con-
siderably less than the values just described. This difference is due to the
fact that several of the variables contributing to the uncertainty do not
change from run to run. For example, an error of 3% in the airfoil thermal
conductivity would result in an error in the absolute value of the heat
transfer coefficient, but would be of the same order for each run. Thus
comparisons of runs from a given cascade would not be affected. Reproduci-
bility for a given cascade is on the order of +2%.
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V. TEST CONDITIONS

The experimental results presented in thkis study were obtained at differ-
ent test conditions with the variable parameters being exit Reynolds number,
exit Mach number, coolant-to-gas absolute temperature ratio and coolant-to-gas
total pressure ratio. Each nominal test condition is represented by a five-
digit numeric code. Each numeric digit of the code corresponds to one of the
control variables of the experiment as shown in Figure 16. The first digit
corresponds to the exit Mach number, the second to the exit Reynolds number,
the third to coolant to gas temperature ratio (T./T ), the fourth to the
coolant to free-stream total pressure ratio of tﬁe Qeading edge showerhead
plenum (Pe 1e/Pt), and the fifth to the coolant to free-stream pressure ratio
of the two’déwnstream film cooling plenums (P. s/P¢). Exit Reynolds numbers
referred to in the figure are based on airfoiT’grue chord, and exit Mach
numbers are based on measured inlet total pressure and mid-passage to mid-
passage average measured exit plane static prassure. All tests were conducted
at a nominal gas stream temperature of 7009 {1260%°R), and a turbulence inten-

sity level of 6.5%, based on LDA measurements taken previously as reported in
Reference 1.

5.1 Heat Transfer Data Test Conditions

The nominal run conditions where heat transfer data were obtained are
shown in a graphical form in Figure 17. The actual run conditions corres-
ponding to each five-digit code are given in Table VI. In Table VI-A the
cascade conditions are given by the inlet totul pressure, Pil, the gas stream
inlet total temperature, Ttl, the inlet and e:it Mach numbers, Mal and Maz,

—
Control variable by positicon
Code No. Position 1-~— Position 2-— Position 3- — Position 4-— Position 5——
MOZ Rez X 10_6 Tc/Tg Pc.le/pt P¢:.d.-,/Pt

38 ps

0 No coolant fiaw 1.00 1.00 1.00
B 1 Min
2 Med

3 0.75 1.5 Max 1.02 1.02 1.02

4 0.90 2.0 1.05 1.05 1.05

5 25 1.10 1.10 1.10

' o 1.30 1.30

i 7 1.50 1.50

8 1.70 1.70

Figure 16. Control variable code description.
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the inlet and exit Reynolds number based on the true chord Re; and Re,, and
the arc-distance weighted average wall-to-gas absolute temperature ratio,
T.,/T4. Table VI-B shows the actual secondary flow conditions represented by
tH 8001ant to-gas absolute temperature ratio, T./T,, the average coolant-to-
free-stream total pressure ratio, P./P¢, and fllm c801ant (cInt) mass flow
rate for each of the three plenums supp1y1ng the suction surface, the leading
edge, and the pressure surface film cooling arrays.

The cascade Reynolds number range was achieved by varying the cascade
flowrate from approximately 2.27 kg/s (5 1bm/sec) to 4.54 kg/s (10 1bm/sec).
At a given Reynolds number condition, exit Mach number levels were independ-
ently established by adjusting the cascade exit pressure ratio with a control-
lable exhaust valve. The coolant-to-free-stream total pressure ratio was
varied by controlling the film cooling mass flow rate to each plenum. The
coolant-to-gas absolute temperature ratio parameter was controlled by a single
electric heating system for the three plenums. The coolant-to-gas absolute
temperature ratio has some variation from plenum to plenum due to each plenum
requiring a different coolant mass flow rate to achieve the prescribed
coolant-to-gas total pressure ratio. Also, some further variations in T./7
occurred between test conditions due to the changes in the influence of %he

test hardware on the onboard coolant supply temperature as other parameters
were varied.

Pu/Py Py
by i wo LAl A s
25K 1|° wﬁgsfeoding Edge Varying 1.05 ! JANIE ‘ AN '
g Downstream and 1.02 J AN | | AN '
© Leading Edge Blowing S AU 3
I
e T./Ty= 0.85, 0.75. 0.65
y PPy ooemee sy
~ 170 : A I I A :
& 150 To/Tg=085, 065 ___ i AT A ;
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Figure 17. Text matrix for heat transfer data
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Table VI
Summary of heat transfer run conditions

A. Cascade conditions

kPa  psia K OR x10°6 x10-6
34000 304.65 44.19 707. 1272. 0.17 0.57 0.75 1.99 0.8]
34103 300.73 43.62 703. 1266. 0.19 0.64 0.75 1.97 0.77
34104 303.81 44.06 702. 1263. 0.19 0.63 0.75 2.00 0.76
34105 302.33 43.85 697. 1254. 0.18 0.61 0.75 2.00 0.76
34135 305.81 44.35 701. 1261. 0.18 0.62 0.75 2.01 0.75
34145 306.35 44.43 703, 1265. 0.18 0.62 0.74 2.00 0.75
34155 310.17 44.99 701. 1262. 0.19 0.65 0.75 2.05 0.76
34303 304.81 44.21 706. 1270. 0.17 0.57 0.75 2.00 0.80
34304  303.48 44.02 711. 1280. 0.17 0.5 0.75 1.97 0.80
34305 307.19 44.55 700. 1260. 0.17 0.60 0.75 2.03 0.80
43000  211.65 30.70 704. 1267. 0.19 0.46 0.91 1.51 0.76
43103 215.23 31.22 716. 1289. 0.19 0.45 0.89 1.49 0.73
43104  211.90 30.73 705. 1269. 0.19 0.45 0.91 1.51 0.72
43105 218.15 31.64 703. 1266. 0.19 0.46 0.89 1.55 0.72
43135 213.64 30.99 705. 1268. 0.19 0.45 0.90 1.52 0.7
43145 213.92 31.03 705. 1269. 0.19 0.44 0.90 1.52 0.71
43155 218.31 31.66 702. 1263. 0.19 0.46 0.89 1.55 0.72
43303 214.71 31.14 709. 1277. 0.18 0.43 0.90 1.52 0.74
43304  214.72 31.14 707, 1273. 0.19 0.44 0.90 1.52 0.74
43305 214.66 31.13 706, 1270. 0.19 0.44 0.90 1.52 0.74
44000 280.35 40.66 709. 1277. 0.19 0.59 0.89 1.97 0.8l
44103 279.12 40.48 709. 1276. 0.18 0.55 0.89 1.96 0.76
44104 283.24 41.08 709. 1276. 0.18 0.56 0.90 2.00 0.76
44105 281.90 40.89 705. 1270. 0.20 0.61 0.89 1.99 0.76
44106 284.14 41.21 714. 1285. 0.21 0.64 0.90 1.99 0.75
44107 281.08 40.77 707. 1273. 0.21 0.64 0.89 1.98 0.73
44108 281.94 40.89 703. 1266. 0.20 0.63 0.89 2.00 0.73
44133 284.68 41.29 705. 1268. 0.18 0.56 0.92 2.03 0.76
44135 281.55 40.84 705. 1269. 0.20 0.62 0.90 2.00 0.75
44144 28522 41.37 704. 1267. 0.19 0.61 0.90 2.03 0.76
44145 279.92 40.60 705. 1269. 0.20 0.61 0.89 1.98 0.76
44155 280.95 40.75 705. 1268. 0.19 0.60 0.90 2.00 0.75
44203 282.02 40.90 708. 1275. 0.17 0.54 0.90 1.99 0.77
44204 282.17 40.93 705. 1270. 0.18 0.56 0.90 2.00 0.77
44205 285.64 41.43 709. 1275. 0.18 0.5 0.90 2.01 0.77
44303 279.38 40.52 697. 1254. 0.17 0.54 0.90 2.0l 0.79
44304 282.96 41.04 701. 1262. 0.17 0.53 0.89 2.01 0.79
44305 284.47 41.26 702. 1263. 0.18 0.57 0.90 2.03 0.79
44306 280.54 40.69 702. 1264. 0.21 0.64 0,90 2.00 0.77
44307 280.97 40.75 703. 1266. 0.21 0.64 0.90 2.00 0.78
44308 283.93 41.18 711. 1280. 0.21 0.64 0.89 1.98 0.78
44333 282,93 41.04 710. 1279. 0.17 0.53 0.90 1.99 0.79
44344 285.13 41.35 701. 1263. 0.17 0.54 0.89 2.03 0.79
44355  284.02 41.19 702. 1264. 0.18 0.56 0.90 2.02 0.79
45000  355.67 51.59 696. 1253. 0.13 0.76 0.92 2.58 0.80
45103 350.34 50.81 705. 1270. 0.18 0.70 0.89 2.48 0.76
45104 350.36 50.82 703. 1265. 0.18 0.68 0.89 2.49 0.76
45105 346.24 50.22 699. 1258. 0.18 0.70 0.89 2.48 0.75
45135 350.31 50.81 699. 1257. 0.18 0.72 0.90 2.5 0.75
45145 352,18 51.08 698. 1256. 0.18 0.72 0.89 2.52 0.75
45155 348,53 50.55 §98. 1256. 0.18 0.71 0.90 2.50 0.75
45303 350.99 50.91 702. 1264. 0.18 0.71 0.90 2.50 0.79
45304 350.39 50.82 704. 1266. 0.18 0.70 0.89 2.49 0.79
45305 351.35 50.96 701. 1263. 0.18 0.70 0.90 2.51 0.79
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VI. DISCUSSION OF EXPERIMENTAL RESULTS

5.1 Heat Transfer Results

Heat transfer data from this experimental program are tabulated in
Appendix A. Included in the tabulation are the heat transfer coefficient
distributions and vane surface temperature distributions. The location of
each measurement is expressed as a percent of surface length as measured from
the geometric stagnation point defined as x=0 point in Figure 7, and a percent
of axial chord. Appendix A also contains tabulated discharge coefficient and
hlowing ratio data for the film coolant flow. The baseline (i.e., no discrete
injection) heat transfer distribution plots and all data comparison plots
showing the effects of downstream film cooling with and without leading edge
film cooling are contained in Appendix B, although some representative data
comparison plots are presented and discussed in this section.

The goal of presenting the heat transfer results is to isolate the dif-
ferences between non-film cooled and film cooled (in this case, downstream
£i1m cooling with and without leading edge injection) heat transfer downstream
of the suction and pressure side film cooling arrays. This goal is achieved,
as done before in Reference 2, by calculating the ratio of the experimentally
determined local Stanton number for cases where coolant is being ejected to
the local Stanton number determined for the case where no coolant is added.

Rather than simply form the film cooled Stanton number to non-film cooled
Stanton number ratio (Stge/Stypc), which would take on values about a "no
difference" value of unity, an alternate parameter referred to as Stanton
number reduction (SNR) is used. SNR is defined as

SNR = 1 - (Stpc/Stypc) (2)

When SNR is greater or less than zero, it implies reduced or increased heat
transfer levels, respectively. When SNR is equal to zero, it implies no
difference in the heat transfer level. Forming SNR values along the entire
test surface gives the actual SNR distribution for the airfoil. In addition,
if the film cooled Stanton number to nonfilm cooled Stanton number ratio were
determined using data obtained at equivalent exit Mach number and exit
Reynolds number conditions, SNR would be approximately equal to the actual
heat transfer coefficient reduction,

SNR = 1 - (hge/hyee) (3)
because (PxCpl)e NFC/ (PoCpl) would be near unity. SNR results shown here
and in ApﬁzngixeA g%d B“hgreefggmed by using the above equation.

Prior to obtaining film cooled heat transfer data, baseline data (i.e.,
without film cooling) were obtained at the four baseline conditions as shown

in Figure 17. Starting first with the exit Mach number effects, typical
baseline measured surface static pressure distributions corresponding to the
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two cascade expansion ratios tested are shown n Figure 18 and tabulated in
Table VII. The percent surface distance in Figure 18 and all figures that
follow is measured from the geometric stagnation point. As observed in
References 1 and 2, the primary effect of exit Mach number variations is to
alter the suction surface pressure distribution downstream. The resultant
effect on the measured baseline heat transfer s shown in Figure 19. In this
figure and in other similar figures, the vertical dashed lines mark the loca-
tions of the film cooling hole rows and the vertical solid lines mark the
locations of the thermal barrier on the pressure and suction surfaces. On the
suction surface, the level of heat transfer coefficient decreases with
increasing exit Mach number due to different static pressure distribution. On
the pressure surface, much less variation in heat transfer due to variation in
Mach number is noticed, again caused by lesser variation in the static pres-
sure distribution.

The effect of exit Reynolds number variation on the baseline heat trans-
fer coefficient distribution is shown in Figure 20. As expected, the overall
heat transfer levels systematically increase as the exit Reynolds number
increases.

The present heat transfer data matches reasonably well with the data of
References 1 and 2 at surface percentage distances greater than 50% on both
suction and pressure surfaces. However at surface distances less than 50%,
the differences in geometry of the film cooling positions between the vane of
the present study and the previous studies cautes differences in absolute heat
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Figure 18. The effects of exit Mach number variation on the C3X
vane baseline surface static pressure distribution.
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Table VII.
c3X vane surface static pressure data

% Surface % Axial Ps/pt

distance chord Ma, = 0.75 0.90

Suction surface

1.22 0.27 0.9946 0.9942
3.47 2.11 0.9807 0.9804
6.29 5.23 0.9467 0.9452
11.53 13.60 0.8406 0.8287
15.26 20.91 0.6924 0.6711
19.81 30.98 0.5669 0.5333
31.81 50.00 0.5530 0.4210
34.36 52.76 0.5839 0.5106
37.73 56.08 0.6023 0.5092
47.98 65.14 0.6367 0.5271
54.81 70.65 0.6474 0.5398
61.67 75.97 0.6606 0.5564
68.00 80.74 0.6665 0.5626
75.32 86.13 0.6699 0.5639
80.63 89.94 0.6677 0.5615
89.00 95.68 0.6754 0.5717
93.74 98.68 0.6764 0.5742

Pressure surface

1.34 0.22 1.0000 1.0000
4,25 1.99 0.9950 0.9945
7.19 5.36 0.9892 0.9873
10.11 9.62 0.9880 0.9857
27.33 33.04 0.9830 0.9814
36.77 44 .32 0.9734 0.9696
53.61 61.89 0.9456 0.9386
63.02 70.51 0.9048 0.8870
70.44 76.80 0.8745 0.8488
79.23 83.76 0.8233 0.7901
87.31 89.77 0.7567 0.7014
97.06 96.51 0.6625 0.5553

transfer data. In the present study during baseline runs, there was a devel-
oping thermal boundary layer beginning at the thermal barrier at about 20-25%
surface distances on both surfaces causing the differences in absolute heat
transfer levels at surface distances less than 50%. The origination of the
thermal boundary layer is shown by the step change in temperature across the
thermal barrier in Figure 21, which gives the vane surface-to-gas absolute
temperature ratio (T,/Ty) distribution at the baseline condition correspondigg
to an exit Mach number ?Maz) of 0.9 and exit Reynolds number (Re,) of 2.0x10%.
Also, the decreasing slope of the heat transfer coefficient, in Figures 19
and 20, downstream of the thermal barrier on both surfaces show the effect of
the developing thermal boundary layer.
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Also in Figure 21, a cyclic variation in vane surface temperatures is
seen near the trailing edge on both surfaces. These variations are due to
coolant air flowing through the internal cooling holes. These variations in
surface temperature result in the heat transfer coefficient fluctuations seen
earlier in Figures 19 and 20. Figure 22 shows the heat fransfer distribution
for the baseline condition of Ma, = 0.9 and Rey = 2.0x10°, which again shows
the fluctuations in heat transfer coefficient over the rear 50 percent of the
airfoil. Also in Figure 22, results predicted (Ref 6) for the same conditions
using the Allison - STANCOOL code developed by Refs 1 and 2, are given. Here,
the solid curve is the predicted results with a constant temperature boundary
condition. The dashed curve is the prediction made using the actual measured
surface temperature boundary condition given in Figure 21. Figure 22 shows a
very reasonable comparison between the experimental data and the prediction
using the measured surface temperature for the boundary condition. This com-
parison illustrates the significance of using the actual wall temperature
boundary condition when making heat transfer predictions. It also illustrates
the sensitivity of the experimental method by its demonstrated ability to
track the cyclic nature of the heat transfer coefficient distribution in the
trailing edge region of the airfoil.

The effect of downstream blowing on the vane surface static pressure dis-
tribution is shown in Figure 23, where the base flow conditions are at an exit
Mach number of 0.9 and an exit Reynolds number of 2.0x10°. Figure 23 indi-
cates that increasing the downstream blowing strength from 1.00 (no blowing)
to 1.63 has no measurable effect on the vane surface static pressure distribu-
tion.

M02=0.9
Po/Pt  Pes/Pr T
Rey=2.0X10+¢6 Data 1D Mo;  Rez  Pei/Pt m“ﬁ 1 T::

Pese/Pi=1.00 O 44000 89 19766 1.00 1.0 :

Pc.dl/Pt=1 .00
T./T,=NOBLOW

1.00 | P ¥ N 1.00
g !

o ll |I .__o
; 0.95 I "U “ - 0.95 \'
o TR . g

- - o

g 0.90 W 1}n{ ! 090 $
E @, TRt | @al .
. . 0.85
e 0% 7 T o550 8
2 o TR | i B 5
° 0.80 | 1 ¥, 10.80 &
g affl {1yl I £

o

E o5t wd (1] I o758
o TR ! 5
n
8 0.70 | | il ¥ {070 @
0 o ! 2
Z o065t ool ! 1065 3
2 | Pl | . =
z Pressure II I | lll ‘l Suction

0.60 1 1 1 N bl N | [ [ 1 1 060

100 80 60 40 20 20 40 60 80 100
Percent surface distance, S

o

Figure 21. Vane surface-to-gas absolute temperature ratio distributign
at baseline flow condition of Ma, = 0.9 and Re, = 2.00x10%.

35



Prediction — Constant temperature
Prediction — Variable temparature

Data — Run 10: 44000

a

1.00

Re;=2.0X10e46
Pc/Pr=1.00

Pe.aa/Pt

Ma,;=0.9
Te/Ty=NOBLOW

0y/y ‘jueid}}}800 184SUDI} (D9Y POZ||DWION

(o] o o
S S
- (@]
I

2.00x10°.

N
o
T

100
100

Suction

0.9 and Re2 =
T/T,
63
68
1.00
a0 oo 08

Pc.dn/Pi
1.64
1.03
1.00

r coefficient distribution

a2

40

Percent surface distan:e, S

—— o —————t———— — — — ]

Pose/ Py
1.00
1.00
1.00

8
1
20

Rﬁz
2.00€E8
1.99€6
1.97€6

[}

——— s — . ————— s e . e e e e e o e

MOg
.89
89
89

ID
44108
44105
44000

-]

Percent surface distance, S
40

1
60
Datao
A
V]
(8]
-}
L
60

Pressure
[
Pressure

L

B0
Vane surface local heat transfe

at baseline flow condition of M

ho = 1135 W/mi/*C
a
1

(200 8TU/hr/HY/*F)

) ) = ! 1

Q x © < o™ <
- o o o o o

100

(@)

)|

Q o
N )
o c

1.00
Rey=2.0X10¢6

PGJ./PQ-‘ .00
Te/Tg=MIN

Pe./Pr=VAR

Figure ¢2.
510280.9

by /8 ¢
Oy/y ‘Jus(d1}}90d UOISUDI} jDOY POZIDWIION d/%d ‘oyos eunssesd |pjo} o} lis |1OM

] on vane surface static

36

tiiects of downstream blowin

pressure distribution.

80

100
rlgure s,



Figures 24, 25, and 26 show the effects of varying the blowing strength at
three constant thermal dilution (T /Tg) levels with only the downstream film
cooling arrays active. The base f?ow conditions are at exit Mach number of
0.9 and an exit Reynolds number of 2.0x10°. Figure 24 shows the effect of
varying blowing strength (P./Py) at the lowest coolant-to-gas temperature
ratio (T./T, = 0.65, MIN). "A positive SNR is seen on both surfaces at all
three b]owiﬁg strengths indicating a comparatively large decrease in heat
transfer due to downstream film cooling. A pronounced variation in SNR due to
different blowing strengths is seen on the pressure surface. Also, on the
pressure surface, as the blowing strength is increased, the effect of film
cooling is felt further downstream. However, the higher turbulence level near
the film cooling holes, resulting from increased blowing, tends to increase
heat transfer (i.e, reduce SNR) in the near hole region. On the other hand,
on the suction surface, there is no significant effect due to varying blowing
strengths. This is due to the lower freestream pressure on the suction sur-
face causing the film coolant flow on the suction surface to be choked over

this range of pressure ratios. The choked conditions keep the blowing ratio
almost invariant on the suction surface.

Figures 25 and 26 show similar behavior at higher T./T, ratios of 0.75
(MED) and 0.85 (MAX), though, as expected, with lower va?ue of SNR due to

lower levels of thermal dilution (warmer air being injected). Also, on the
pressure surface, at the lower thermal dilution levels (high Tc/Tg), the
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Figure 26. Effects of downstream blowing or Stanton number reduction
(TC/Tg = MAX)
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effect of turbulence due to the higher blowing strengths increases heat trans-
fer (i.e., decreases SNR values) just downstream of the film cooling holes to
a larger extend than at higher thermal dilution levels (i.e., Tow T./T y. It
should also be noted that for the higher blowing strengths, SNR 1ncrea§es over
the last 60% of the airfoil; where as, for the lower blowing strengths, the
SNR decreases. This is the result of the interaction of the thermal dilution
and turbulence augmentation effects.

on the SNR data presented above, just downstream of the suction side
£i1m cooling holes, SNR attain high values. These high SNR values are caused
by the non-film cooled and the film cooled tests having different origination
of the thermal boundary layer. In the case of a vane which is uniformly
cooled throughout, the hydrodynamic and the thermal boundary layer would
originate simultaneously at the leading edge. However, in the present case
under non-film cooled conditions, the nose piece of the vane is not cooled
(radially or otherwise). This results in a step change in vane surface tem-
perature across the thermal barrier on both surfaces as shown earlier in
Figure 21. This indicates that the origin of the thermal boundary layer is at
the thermal barrier, while the hydrodynamic boundary layer still originates at
the leading edge. When the £i1m cooling arrays in the nose piece are ac-
tivated, the temperature in the leading edge region drops to approximately the
Jevels on the pressure and suction surfaces just downstream of the thermal
barrier, thus resulting in both the hydrodynamic and thermal boundary layers
originating at the vane Jeading edge. This difference in thermal boundary
Jayer origin between the the film cooled and non-film cooled cases results in
the high SNR values just downstream of the film cooling arrays.

The thermal dilution and turbulence augmentation trends discussed earlier
are further brought out by Figures 27 and 28, which show data with downstream
£i1m cooling holes active for blowing strengths at levels up to 1.7 at MIN and
MAX levels of thermal dilution, respectively. On the pressure surface, at
both coolant-to-gas temperature ratios, the turbulence due to high blowing
strengths decreases the SNR near the film cooling holes. At the Tower
coolant-to-gas temperature ratio, as shown in Figure 27, a positive value of
SNR is seen, even at the highest blowing strength. However, in Figure 28, at
the higher coolant-to-gas temperature ratio, ajmost all the data on the pres-
sure surface at high blowing strengths (P./Py > 1.3) show negative SNR values.
(note that in Figure 28, the SNR scales are 6ffset.) On the other hand, there
is hardly any effect of coolant pressure on the suction surface due to the
fact that the film coolant flow is choked and no significant variation in
blowing ratio occurred. Nevertheless, at the higher coolant-to-gas tempera-
ture ratio, on the suction surface, there is slight decrease in SNR near the
£ilm cooling holes at the high blowing strengths. Although the flow is
choked, increasing coolant supply pressure increases the coolant mass supply,
causing an increase in turbulence level near the coolant holes, which in turn
reduces SNR at very high blowing strengths. This also may be due to the damp-
ing of turbulence at increased velocity levels.

Figures 29 and 30 show the effects of both the downstream and the leading
edge film cooling arrays being active with the varying blowing strengths at
the MIN and MAX levels of thermal dilution, respectively. The flow gonditions
are at an exit Mach number of 0.9 and exit Reynolds number of 2.0x10°. 1In
comparison to Figures 24 and 26, the trends and levels of SNR are very similar
to the case where only the downstream film cooling holes are active. However,

39



Stanton number reduction, SNR

Stanton number reduction, SNR

Ma;=0.9 Data D Ma, Re; P/ Pege/Pr T/,

R°2=2.0X100t6 ¢ 44108 .89 2.00E6 1.0G 1.63 .63
= B 44107 .89 1.98€6 1.0C 1.52 .83
Pese/P1=1.00 o 44108 90  1.99E6  1.06 1.29 64
P¢ gs/Pi=VAR A 44105 .89 1.99E6 1.0 1.10 .68
T./T.=MiN o 44104 90 20066  1.00 1.05 .67
$ a 44103 .89 1.96€6 1.0 1.02 .68
0.70 TEETTY y 4 0.70
Loy [
0.60 |- “ :}:H ::Q 4 0.60
oo N o
0.50 h b l w 410580 wn
‘%6 L I |
HEHI | ¢
0.40 + l: |:||= |: -1 0.40 o
1T 1 | S
0.30 | 4,2 8 TN il 4030 3
Qo0 I i I $
020 F gﬂbﬁp o b I 4020 .
00 §Ubﬂﬂﬂ§nﬁ] o b l H
0.10 | §"§ T 1 4010 E
b g TR i! 2
0o0f © b (! -4 0.00
' R 1 s
-0.10 | Loy i 41 -0.10 §
eoh h &
-0.20 | oo 1 4 -0.20
Pressure I t | | [ l| || Suction
~0.30 1 i i N | B | i 1 1 ~0.30

100 80 60 40 20 0 20 40 60 80 100
Percent surface distance, 3

Figure 2/. tffects of high downstream plowing on Stanton number
reduction (TC/Tq = MIN).

Maz=0.9 Data ID Mo,  Re;  Pow/P. Poa/P 1/T,
Re;=2.0X10%+6 . 44308 B9  1.9866  1.00 1.6 85
- "] 44307 .90  2.0066  1.00 1.49 85
Peia/P=1.00 o] 44306 .90  2.0066  1.00 1.30 82
P .as/Pi=VAR A 44305 90  2.03€6 1.00 1.1 .85
T, /T =MAX o 44304 89 20166  1.00 1.05 86
e o] 44303 90  2.01E6  1.00 1.02 .84
0.20 by } 4 0.20
Wil HE m
0.10 :| ,|”| :| {010 &
ot ! <
oo i s
-0.10 o] I {-0.10 3
| 11 ] ®
| | I i | I' lI e
-0.20 '] I|“| || -1 -0.20 .
T I 2
| Iihl |
-0.30 | (Y | -~ -0.30 E
| bl { 3
| 1l |
| I | | | |I II c
-0.40 | N | 1 -0.40
i M I o
—0.50 Loohy H 4 -0.50 §
oot I 2
| il |
-0.60 |- { biql | -1 —0.60
| I H | .
Pressure i | | | i !‘ l’ Suction
~0.70 { 1 ! oA | L. 1 1 1 -0.70

100 80 60 40 20 0 20 40 60 80 100
Percent surface distance, S

Figure 28. Effects of high downstream b owing on Stanton number
reduction (Tc/Tg = MAX)

40



Ma,=0.9 Data D Maz Rez  Pou/Pt Pese/Pr Te/Tg

. 2.00€8 1.10 1.10 .66
Rez=2,0X1010 & N % zows tos 105 e7
Pc"'/Pl=VAR a 44133 .92 2.03E6 1.02 1.02 67
Pcld,/P.=VAR
TC/T'=MIN
0.70 [~ || ||||~ lla - 070
i (!
0.60 | ” ::H: ::3 {060
Co | | z
Z 050} |l| :|H| :l m AO 0.50 m.
f o R ., 3
§ 00T o hith ! T
T o3 s W ﬁ:' 'l'“' ! 4030 3
3 £° JM* TR I e
¢ S . Y ! 4020 .
. o20r OO&WM R I |
S °a® it l | a
2 p10F ¢ 0O TR i 010 E
g o & I I}H{ I looo ©
ool % . g
2 TERHI il 1-010%E
T -010F Il | k)
5 T ! &
" o0 P l : I : l ‘: I: Suction 17920
~0.30 i ressurel 1 !l | l”l Lol 1 1 ! —0.30

100 80 60 40 20 0 20 40 60 80 100
Percent surface distance, S

Figure 29. Effects of leading edge and downstream blowing on Stanton
number reduction (T./T, = MIN).

M02=0.9 Data D MOZ ZROQZEB Pc""‘/opt P:.g:gpg T‘/BT:
= A 44355 90 .02 . . .
Rez 2.0X104+6 ] 44344 .89 2.03€6 1.05 1.08 8%
Peue/Pr=VAR o 44333 .90 19966 102 1.02 86
Pela./Pg-VAR
T/ Tg=MAX
- . ] ' ] j 0.70
0.70 :: ::Hl il o
- b 3 do.
0.60 '|| }lH: }: e g
[«4 i | N ] )
4 > o -
: L I | Ho040
g o o e .
E | -1 9. o
S 0.30 | o ,3 3
i | ®
® ol :: il | Wmﬁ lo2o
. A . :
3 40.10
ALY 8 Feo oo | 5
3 @0 || T I
€ o000} B & s TR |} {000 ¢
§ aglll .
L 3 - — — . o
5 0 o 2
- l _ _ )
# -o20r ': |=“: I: Suction 0.20
O 30 lpre‘surcl 1 !l !l!ll L !l 1 L L _030
o0 80 80 40 20 0 20 40 60 80 100

Percent surface distance, S

i igure 3U., tttects of leading edge and downstream blowing on Stanton
number reduction (Tc/Tg = MAX).

41



on the pressure surface just downstream of the film cooling holes, slightly
higher values of SNR are seen due to the leadirg edge film cooling holes being
active.

The SNR data for the case where downstream film cooling hole arrays are
at a constant blowing strength of 1.10 while tke leading edge film cooling
blowing strength is varied from 1.00 (no leadirg edge blowing) to 1.10 are
shown in Figure 31. These data are at the flow conditions corgesponding to an
exit Mach number of 0.75 and an exit Reynolds rumber of 2.0x10°. On the pres-
sure surface, SNR is increased by low leading edge blowing values
(Pe 1e/Pt = 1.02). However, at higher leading edge blowing values, SNR values
drop off, to the extend that SNR is lower than without any leading edge blow-
fng. This indicates that high leading edge blcwing rates can actually in-
crease heat transfer over the entire pressure surface of the airfoil due to
increased turbulence levels. On the other hand, very little effect of leading
edge blowing is seen on the suction surface.

To illustrate the effects of thermal dilution, data shown earlier in
Figures 24-26 were re-plotted as a function of TC/Tg at two blowing strengths
of 1.02 and 1.10 and are shown in Figures 32 and 337 respectively. On the
suction surface, in both cases, there is a significant effect due to different
coolant-to-gas temperature ratios. Conversely, on the pressure side, at the
lTower blowing strength, as shown in Figure 32, only a small effect is noticed.
However, as seen in Figure 33, there is a larger effect on the pressure sur-
face due to varying thermal dilution at the higher blowing strength of
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P /Pt = 1.10. Also in Figure 33, at higher coolant-to-gas temperature ratio,
SﬁR 1s negative on the pressure surface at surface distances less than 50%.

As mentioned before, this increase in heat transfer is due to the high blowing
strength causing a higher level of turbulence augmentation effects which off-
sets the thermal dilution effects in the vicinity of the film cooling holes.

Figures 34 and 35 illustrate the effect of varying the exit Mach number
from 0.75 to 0.90 while keeping other flow and film cooling conditions con-
stant. In these instances, the downstream film cooling hole arrays are at
blowing strengths, P /Py, of 1.10 and the coolant-to-gas temperature
ratios, T./Tg, are a%’HTN tFigure 34) and MAX (Figure 35) levels. In these
cases, each $im cooling data point is compared with the baseline at that flow
condition. In other words, these SNR data show the increase or decrease of
the heat transfer over the particular baseline case. Figures 34 and 35 show
that there is no significant effect on SNR due to variations in Mach number on
either the suction surface or pressure surfaces at the lower coolant-to-gas
temperature ratio. However, on the pressure surface at the higher coolant-
to-gas temperature ratio, Figure 35 shows that there is a slight Mach number
effect. As pointed out earlier, at the higher coolant-to-gas temperature
ratio, on the pressure surface, the favorable thermal dilution effects are
offset by the adverse turbulence augmentation effects, thereby increasing heat
transfer near the vicinity of the film cooling heles. At regions where this
phenomenon occurs, the change in heat transfer due to film cooling seems to

depend on the Mach number, suggesting that the turbulent augmentation effect
may be Mach number dependent.
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Figure 35. Effects of Mach number on Stanton number reduction
(Pc/Py = 1.10, TC/Tg = MAX).

The egfects of three different exit Reynolds numbers of 1.5x106, 2.Ox106,
and 2.5x10° on downstream film cooling are shown in Figures 36 and 37. As in
the previous two figures, the SNR data show the change in heat transfer due to
film cooling above the particular baseline. Figure 36 presents data at the
MIN level of coolant-to-gas temperature ratio and coolant pressure ratio of
1.10. On both surfaces, SNR increases with increasing Reynolds number in-
dicating that a more favorable effect of film cooling is attainable at a
higher Reynolds number, though the trends are more pronounced on the pressure
surface than on the suction surface. In Figure 37, where the coolant-to-gas
temperature is at MAX level, the effect of Reynolds number variation is not as
marked as in the case of the lower coolant-to-gas temperature ratio.

In summerizing the heat transfer results, the data indicate that con-
siderable cooling can be attained by downstream film cooling. The downstream
film cooling process is a complex function of the thermal dilution, due to the
injection of relatively cold fluid, and turbulence augmentation, due to the
injection process, with trends actually reversing as the coolant-to-gas tem-
perature ratio is varied. The pressure surface of the airfoil is shown to ex-
hibit a considerably higher degree of sensitivity to the combined effect of
turbulence augmentation and thermal dilution. At regular blowing strengths

(Pc /Py > 1.0), the pressure surface shows considerable dependence on blowing
streng%h while the suction surface is insensitive to varying blowing
strength, due to the coolant flow being choked. Also, the heat transfer
levels are significantly dependent on the thermal dilution, to the extend that
at high levels of thermal dilution, the turbulence augmentation effect is neg-
ligible. The data also indicate that, at high thermal dilution Tevels
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(i.e. low coolant-to-gas temperature ratio), the film cooling effects are
relatively insensitive to exit Mach numbers, while higher favorable film cool-
ing effects are seen at higher exit Reynolds numbers. Conversely, at Tow
thermal dilution levels (i.e., high coolant-to-gas temperature ratio), film
cooling effects are dependent on exit Mach number and lesser exit Reynolds
number effects are seen and finally, the heat transfer results presented here
indicate that the data is significantly dependent on the measured vane
surface-to-gas temperature ratio distribution.

6.2 Throat Passage Pressure Results

During all heat transfer data acquisition runs, static pressure measure-
ments were acquired near the cascade throat on the upper and the lower pas-
sages. These data are tabulated in Appendix C. Included in the tabulation is
the run code, the percent distance of the location of the pressure tap from
the midspan of the upper vane to the midspan of the lower vane, and the ratio
of the local static pressure-to-inlet total pressure. Note that this distance
from the upper vane midspan to the lower vane midspan is actually three dimen-
sional, as shown in Figure 38. The distance is measured spanwise from the
midspan of the upper vane suction surface to the endwall; then along the
endwall to the lower vane; then spanwise from the endwall to the midspan of
the lower vane along the vane pressure surface. Some representative data of
the throat passage pressure are presented and discussed in this section.

Endwall

— — — Midspan

----------- Midspan to midspan distance

TEBB-1714

Figure 38. Isometric view of the location of the throat static
pressure measurements.
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Figures 39, 40, and 41 show the throat static pressure ratio for three of
the baseline (i.e, no film cooling) flow conditions corresponding to an exit6
Mach number, May, of 0.9 at exit Reynolds number, Re,, of 2.0x10° and 2.5x10 ,
and Ma,=0.75 at Re2=2.0x10 . The two dashed vertica% Tines in these figures
indica%e the corner Tocation where the vane surface meets the endwall.

Figures 39-41 show very Tittle variation in throat static pressure ratio along
the spanwise direction on either vane surface or on the endwall. Also, the
upper and the lower passages have nearly identical levels on the pressure
surfaces. On the endwall and on the suction surface, the throat pressures in
the Tower passage are about 5% less than the throat pressures on the upper
passage. Comparison of Figures 39 and 40 indicate that variation of exit
Reynolds number has negligible effect on the throat static pressure ratio.
Comparing Figures 39 and 41, a decrease in exit Mach number increases the

throat static pressure ratio. This is expected due to the different expansion
ratio of the two flow conditions.

To display the effects of film cooling on the throat static pressures,
the throat static pressure-to-total pressure ratios measured with film cooling
were compared with the base%ine case. This i< shown in Figure 42 for the case
of Ma, = 0.9 and Re; = 2x10°. Only the downstream film cooling arrays were
active, with the coolant-to-gas pressure ratic, Pc d /Pt, varied from 1.02 to
1.10, and the coolant-to-gas absolute temperature %a%io, T./T4, kept at the
MIN Tevel. The format of Figure 42 is similar to Figures 9—21, except that
the data from the Tower and upper passages have been separated and the scale
has been expanded. Also, it should be noted that only the center vane
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Figure 39. Throat static-to-inlet totg] pressure ratio at
Ma; = 0.9 and Re, = 2.0x10°,
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Figure 40. Throat static-to-inlet totg1 pressure ratio at
Ma, = 0.9 and Re, = 2.5x10".
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Figure 42. Effects of blowing strengtt on throat static-to-inlet
total pressure ratijo.

contains film cooling arrays. Effects of varying blowing strengths do not
seem to have any significant effect on the tkroat static pressure ratio.
However, at Tocations near the corner where the endwall meets the vane suction
surface, there is a distinct drop in throat static pressure ratio due to film
cooling, but there does not seem to be any ccnsistent effect associated with
the varying levels of film cooling.

In summary, the throat static pressure distribution from upper midspan to
Tower midspan via the endwall does not vary extensively. Varying downstream
film cooling with and without Teading edge film cooling does not show any
consistent effects on the surface pressure distribution. The effects of the
film cooling are essentially insignificant except at the corners of the vane

suction surface and the endwall where a slight reduction in static pressure
was measured.
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VII. CONCLUSIONS AND RECOMMENDATIONS

The results from this experiment have provided a data base for charac-
terizing the effects of downstream film cooling with and without Teading edge
(showerhead) film cooling on external heat transfer to the C3X airfoil.

The external heat transfer data indicate that considerable cooling can be
attained by downstream film cooling. The downstream film cooling process is a
complex function of mainly two competing mechanisms; (i) the thermal dilution,
due to the injection of relatively cold fluid, which decreases heat transfer
to the airfoil, and (ii) turbulence augmentation, due to the injection pro-
cess, which increases heat transfer to the airfoil. It is also observed that
favorable cooling effects actually reverse as the coolant-to-gas temperature
ratio are varied.

The pressure surface of the airfoil is shown to exhibit a considerably
higher degree of sensitivity to the combined effect of turbulence augmentation
and thermal dilution. At moderate blowing strengths (P /Pt > 1.0), the pres-
sure surface shows considerable dependence on blowing s%rength, while the
suction surface is insensitive to variations in blowing strength, due to the
coolant flow being choked. Also, the heat transfer levels are significantly
dependent on thermal dilution, to the extend that at high Tevels of thermal
dilution, the adverse turbulence augmentation effect is negligible. The data
also indicate that, at high thermal dilution levels (i.e. low coolant-to-gas
temperature ratio), the film cooling effects are relatively insensitive to
exit Mach numbers; and higher favorable film cooling effects are seen at
higher exit Reynolds numbers. Conversely, at low thermal dilution Tevels (i.e.,
high coolant-to-gas temperature ratio), film cooling effects are dependent on
exit Mach number; and lesser effects due to exit Reynolds number are seen.

Static pressure data indicate that vane surface static pressure is rela-
tively independent of downstream and leading edge blowing. Also, the throat
static pressure distribution from upper midspan to lower midspan via the
endwall do not vary extensively. Downstream film cooling with and without
leading edge film cooling do not show any consistent effects on the passage
throat static pressure distribution. And moreover, the effects of the film
cooling are not significant on the static pressure except at the corners of
the vane suction surface and the endwall.

After analyzing the heat transfer data obtained in this experimental
program, the following recommendations should be considered for future work:

0o The heat transfer data indicate a strong dependence on the measured vane
surface-to-gas temperature ratio distribution, and hence, the surface
temperature distribution associated with the heat transfer data should be

taken into account when predicting heat transfer results to compare with
these data.

o Further work should be carried out to fully understand the trends of the
favorable effects of thermal dilution and the adverse effects of turbu-
lence augmentation during film cooling. A better understanding of these
effects would help in obtaining better predictions of film cooled vane
heat transfer.
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APPENDIX A
TABULATED HEAT TRANSFER DATA

Tabulated heat transfer data for each run code of the downstream and
leading edge film-cooled C3X cascade are presented in Table VIII. These data
sets are listed in run code order, with the actual operating conditions asso-
ciated with each run code having been given previously in Table VI. Vane
surface-to-gas absolute temperature ratio (T,/T,) data and normalized heat
transfer coefficients (h/h,) are tabulated versgs percent of surface arc
length and percent of axia? chgrd. The heat tranéfer coefficients are norma-
lized with respect to 1135 W/m¢/°C (200 BTU/hr/ftc/°F). The surface arc and
axial chord lengths were given in Table III.

Tabulated discharge coefficient and blow'ng ratio data for each heat
transfer run code are presented in Table IX. The discharge coefficient is
defined as the ratio of actual flow to possib’e ideal flow; the blowing ratio
is defined as the coolant to free-stream mass flux ratio (M = P u./Pely,) -
Both values are averages for all holes in a given film cooling array and are
based on the average local freestream conditions and total coolant mass flow
rate through each cooling array.
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Table VIII
Heat transfer data for each run code

RUN CODE 34000

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surface % Axial

Distance Chord Tw/Tg h/ho Distance Chord Tw/Tg h/ho
30.57 49.25 8019 9147 28.90 34.95 7796 6704
31.98 50.84 8026 1.0021 30.78 37.26 7680 5991
33.40 52.37 7976 9839 32.58 39.43 7615 4983
37.60 56.50 7830 8854 34.38 41.55 7623 4660
39.08 57.92 7762 8255 36.29 43.76 7653 4277
41.80 60.34 7700 7571 41.70 49.81 7792 3873
43.25 61.62 7693 7428 45.37 53.70 7887 3851
44 .57 62.74 7752 7232 47.14 55.56 7908 4040
46.03 63.96 7789 7163 49.03 57.47 7901 4250
47.51 65.26 7879 7734 50.84 59.28 7925 4457
48.95 66.44 7928 7269 52.68 61.08 7990 4635
50.31 67.53 7977 7022 54.48 62.81 8032 4933
51.78 68.75 8001 6286 56.34 64.57 8103 5290
53.14 69.77 8047 6639 58.12 66.24 8096 5559
54.62 71.01 8145 7756 59.97 67.92 8076 6389
55.97 71.99 8169 6861 61.77 69.55 8122 6530
57.36 73.07 8160 6457 63.63 71.18 8180 5172
60.29 75.38 8164 6824 65.41 72.73 8260 5280
61.67 76.42 8131 6644 67.30 74.37 8276 4826
67.29 80.63 8203 7185 69.07 75.85 8237 5302
70.13 82.74 8194 7380 70.91 77.38 8130 6488
71.51 83.72 8278 6918 72.72 78.84 8130 7264
73.03 84.92 8348 6921 74.63 80.37 8280 5977
74.39 85.88 8349 6122 76.40 81.77 8374 4768
75.74 86.80 8317 6299 78.27 83.24 8427 4537
77.24 87.96 8196 7033 81.91 86.03 8215 6817
78.62 88.92 8200 7362 85.55 88.71 8401 4234
81.54 91.06 8412 5516 87.39 90.05 8579 3797
82.88 91.94 8451 5802 89.25 91.42 8657 5254
84.34 92.98 8396 5959 91.03 92.66 8648 8151
85.70 93.87 .8246 6044 92.86 93.93 8495 8698
87.11 94.82 .8190 6560 96.55 96.47 8636 5939
88.50 95.72 .8400 5184
89.92 96.63 .8601 4714
91.35 §7.57 .8650 3856
94.24 99.40 .8508 6365
95.65 100.24 .8386 4877
97.03 101.02 8635 7888
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Table VIII (contd)
Heat transfer data for each run code

RUN CODE 341C3

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surface % Axial

Distance Chord Tw/Tg h/ho Distance Chord Tw/Tg h/ho
30.57 49.25 7207 1730 28.90 34.95 7279 4714
31.98 50.84 7208 3546 30.78 37.26 7186 4118
33.40 52.37 7152 4144 32.58 39.43 7149 3610
37.60 56.50 7066 4523 34.38 41.55 7172 3507
39.08 57.92 7016 4330 36.29 43.76 7210 3263
41.80 60.34 7000 4151 41.70 49.81 7364 3103
43.25 61.62 7004 4106 45.37 53.70 7470 3214
44.57 62.74 7064 3986 47.14 55.56 7499 3372
46.03 63.96 7109 3949 49.33 57.47 7504 3539
47.51 65.26 7208 4349 50.34 59.28 7543 3716
48.95 66.44 7267 4158 52.58 61.08 7620 4064
50.31 67.53 7317 3927 54.48 62.81 7662 4342
51.78 68.75 7355 3522 56.34 64.57 7733 4610
53.14 69.77 7406 3724 58.12 66.24 7736 4896
54.62 71.01 7504 4351 59.37 67.92 7729 5532
55.97 71.99 7535 3843 61.77 69.55 7776 5631
57.36 73.07 7544 3618 63.63 71.18 7832 4612
60.29 75.38 7560 3907 65.41 72.73 7909 4705
61.67 76.42 7554 3833 67.30 74.37 7930 4455
67.29 80.63 7677 4365 69.07 75.85 7903 4927
70.13 82.74 7697 4622 70.91 77.38 7813 5955
71.51 83.72 7789 4201 72.72 78.84 7824 6653
73.03 84.92 7868 4123 74.63 80.37 7968 5643
74.38 85.88 7881 3670 76.40 81.77 8053 4612
75.74 86.80 7858 3881 78.2 83.24 8107 4478
77.24 87.96 7755 4534 81.91 86.03 7914 6207
78.62 88.92 7767 4829 85.55 88.71 8102 4387
81.54 91.06 7991 3217 87.39 90.05 8270 3978
82.88 91.94 8026 3266 89.2 91.42 8342 4873
84.34 92.98 7985 3570 91.03 92.66 8339 7417
85.70 93.87 7845 3809 92.86 93.93 8196 7975
87.11 94.82 .7801 4341 96.4 96.47 8328 5986
88.50 95.72 .8013 2992
89.92 96.63 .8213 2482
91.35 97.57 .8276 2037
94.24 99.40 .8140 4046
95.65 100.24 .8021 2993
97.03 101.02 8269 4823
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Table VIII (contd)
Heat transfer data for each run code

RUN CODE 34104

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surface % Axial

Distance Chord Tw/Tg h/ho Distance Chord Tw/Tg h/ho
30.57 49.25 7217 1507 28.90 34.95 7283 4711
31.98 50.84 7212 3365 30.78 37.26 7186 4174
33.40 52.37 7158 4055 32.58 39.43 7140 3609
37.60 56.50 7070 4514 34.38 41.55 7153 3432
39.08 57.92 7017 4309 36.29 43.76 7181 3152
41.80 60.34 6999 4121 41.70 49.81 7305 2844
43.25 61.62 7002 4077 45.37 53.70 7397 2859
44 .57 62.74 7058 3944 47.14 55.56 7422 3007
46.03 63.96 7100 3894 49.03 57.47 7422 3152
47.51 65.26 7198 4307 50.84 59.28 7457 3298
48.95 66.44 7257 4190 52.68 61.08 7529 3602
50.31 67.53 7304 3913 54.48 62.81 7571 3811
51.78 68.75 7338 3484 56.34 64.57 7637 4015
53.14 69.77 7385 3704 58.12 66.24 7640 4306
54.62 71.01 7483 4379 59.97 67.92 7635 4869
55.97 71.99 7509 3838 61.77 69.55 7677 4951
57.36 73.07 7516 3597 63.63 71.18 7738 4050
60.29 75.38 7529 3859 65.41 72.73 7814 4079
61.67 76.42 7518 3779 67.30 74.37 7836 3849
67.29 80.63 7636 4348 69.07 75.85 7813 4331
70.13 82.74 7653 4560 70.91 77.38 7727 5286
71.51 83.72 7741 4183 72.72 78.84 7737 5905
73.03 84.92 7817 4111 74.63 80.37 7883 5005
74.39 85.88 7829 3696 76.40 81.77 7969 4035
75.74 86.80 7807 3894 78.27 83.24 8020 3832
77.24 87.96 7708 4505 81.91 86.03 7838 5565
78.62 88.92 7722 4786 85.55 88.71 8027 3828
81.54 91.06 7938 3298 87.39 90.05 8193 3429
82.88 91.94 7976 3400 89.25 91.42 8267 4309
84.34 92.98 7934 3634 91.03 92.66 8264 6484
85.70 93.87 7798 3810 92.86 93.93 8129 7147
87.11 94.82 7755 4253 96.55 96.47 8263 5312
88.50 95.72 7962 3047
89.92 96.63 8159 2599
91.35 97.57 8217 2101
94.24 99.40 8091 4049
95.65 100.24 7982 3118
97.03 101.02 8218 4780
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Table VIII (contd)
Heat transfer data for each run code

RUN CODE 34105

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surface % Axial

Distance Chord Tw/Tg h/ho Distance Chord Tw/Tg h/ho
30.57 49.25 7336 2231 23.90 34.95 7349 4728
31.98 50.84 7330 3860 33.78 37.26 7257 4249
33.40 52.37 7275 4408 32.58 39.43 7211 3678
37.60 56.50 7171 4671 34.38 41.55 7218 3460
39.08 57.92 7112 4422 35.29 43.76 7239 3121
41.80 60.34 7082 4152 41.70 49.81 7344 2752
43.25 61.62 7084 4122 45.37 53.70 7419 2691
44 .57 62.74 7136 3987 47.14 55.56 7435 2762
46.03 63.96 7175 3934 43.03 57.47 7426 2849
47.51 65.26 7268 4363 50.84 59.28 7453 2955
48.95 66.44 7322 4188 52.68 61.08 7515 3195
50.31 67.53 7364 3912 54.48 62.81 7551 3348
51.78 68.75 7398 3507 56.34 64.57 7607 3504
53.14 69.77 7442 3721 53.12 66.24 7608 3771
54.62 71.01 7534 4370 59.97 67.92 7596 4273
55.97 71.99 7560 3849 61.77 69.55 7635 4321
57.36 73.07 7561 3600 63.63 71.18 7692 3449
60.29 75.38 7568 3812 65.41 72.73 7765 3484
61.67 76.42 7556 3745 67.30 74.37 7787 3242
67.29 80.63 7654 4310 69.07 75.85 7765 3659
70.13 82.74 7666 4512 70.91 77.38 7681 4494
71.51 83.72 7746 4174 2.72 78.84 7689 5028
73.03 84.92 7814 4110 74.63 80.37 7830 4219
74.39 85.88 7823 3686 76.40 81.77 7912 3355
75.74 86.80 7804 3851 78.27 83.24 7963 3186
77.24 87.96 7704 4360 8..91 86.03 7791 4738
78.62 88.92 7716 4574 85.55 88.71 7977 3180
81.54 81.06 7917 3277 87.39 90.05 8134 2787
82.88 91.94 7952 3376 89.25 91.42 8205 3532
84.34 92.98 7915 3624 9:.03 92.66 8205 5342
85.70 93.87 .7789 .3748 .86 93.93 .8088 .6073
87.11 94.82 .7748 .4074 96.55 96.47 .8217 .4459
88.50 95.72 7941 3030
89.92 96.63 8124 2634
91.35 97.57 8176 2096
94.24 99.40 8068 3791
95.65 100.24 7969 2796
97.03 101.02 8190 4567
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Table VIII (contd)
Heat transfer data for each run code

RUN CODE 34135

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surface % Axial

Distance Chord Tw/Tg h/ho Distance Chord Tw/Tg h/ho
30.57 49.25 7206 1998 28.90 34.95 7221 4443
31.98 50.84 7209 3632 30.78 37.26 7136 3980
33.40 52.37 7157 4155 32.58 39.43 7093 3443
37.60 56.50 7062 4407 34.38 41.55 7102 3232
39.08 57.92 7007 4186 36.29 43.76 7125 2925
41.80 60.34 6984 3985 41.70 49.81 7233 2575
43.25 61.62 6986 3940 45.37 53.70 7310 2526
44 .57 62.74 7039 3810 47.14 55.56 7327 2609
46.03 63.96 7078 3759 49.03 57.47 7320 2695
47.51 65.26 7168 4142 50.84 59.28 7346 2789
48.95 66.44 7219 3930 52.68 61.08 7408 2998
50.31 67.53 7264 3726 54 .48 62.81 7443 3134
51.78 68.75 7295 3333 56.34 64.57 7501 3281
53.14 69.77 7338 3517 58.12 66.24 7502 3554
54.62 71.01 7427 4105 59.97 67.92 7493 4031
55.97 71.99 7452 3620 61.77 69.55 7531 4071
57.36 73.07 7457 3405 63.63 71.18 7588 3240
60.29 75.38 7469 3663 65.41 72.73 7662 3257
61.67 76.42 7458 3606 67.30 74.37 7684 3035
67.29 80.63 7555 4112 69.07 75.85 7664 3439
70.13 82.74 7568 4319 70.91 77.38 7581 4270
71.51 83.72 7650 4025 72.72 78.84 7591 4789
73.03 84.92 7719 3960 74.63 80.37 7727 3934
74.39 85.88 7730 3580 76.40 81.77 7809 3097
75.74 86.80 7710 3727 78.27 83.24 7859 2946
77.24 87.96 .7611 4209 81.91 86.03 7685 4397
78.62 88.92 .7623 4423 85.55 88.71 7873 2918
81.54 91.06 .7823 3202 87.39 90.05 8033 2563
82.88 91.94 .7859 3328 89.25 91.42 8105 3295
84.34 92.98 .7819 3503 91.03 92.66 8105 4939
85.70 93.87 .7695 3663 92.86 93.93 7988 5671
87.11 94,82 .7653 3948 96.55 96.47 8120 4206
88.50 95.72 .7846 2973
89.92 96.63 .8030 2595
91.35 97.57 .8081 2056
94.24 99.40 .7976 3723
95.65 100.24 .7876 2771
97.03 101.02 8095 4364
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Table VIII (contd)
Heat transfer data for each run code

RUN CODE 34145

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surface % Axial

Distance Chord Tw/Tg h/ho Distance Chord Tw/Tg h/ho
30.57 49.25 7197 1828 28.90 34.95 7239 4581
31.98 50.84 7211 3645 30.78 37.26 7154 4102
33.40 52.37 7158 4176 32.58 39.43 7108 3494
37.60 56.50 7065 4442 34.38 41.55 7116 3268
39.08 57.92 7009 4213 35.29 43.76 7139 2962
41.80 60.34 6984 3988 41.70 49.81 7250 2638
43.25 61.62 6984 3934 45.37 53.70 7325 2546
44 .57 62.74 7038 3797 47.14 55.56 7345 2663
46.03 63.96 7076 3742 49.03 57.47 7340 2782
47.51 65.26 7167 4131 50.84 59.28 7368 2901
48.95 66.44 7220 3921 52.68 61.08 7430 3108
50.31 67.53 7265 3708 54.48 62.81 7465 3260
51.78 68.75 7297 3311 56.34 64.57 7525 3428
53.14 69.77 7341 3505 58.12 66.24 7526 3696
54.62 71.01 7432 4114 53.97 67.92 7517 4181
55.97 71.99 7456 3612 61.77 69.55 7555 4217
57.36 73.07 7461 3386 63.63 71.18 7610 3358
60.29 75.38 7472 3627 65.41 72.73 7684 3420
61.67 76.42 7460 3560 67.30 74.37 7705 3156
67.29 80.63 7559 4070 69.07 75.85 7684 3573
70.13 82.74 7571 4252 70.91 77.38 7603 4408
71.51 83.72 7652 3909 72.72 78.84 7612 4929
73.03 84.92 7723 3889 74.63 80.37 7750 4121
74.39 85.88 7734 3500 76.40 81.77 7832 3274
75.74 86.80 7717 3668 78.27 83.24 7881 3095
77.24 87.96 7618 4179 81.91 86.03 7709 4600
78.62 88.92 7631 4398 85.55 88.71 7895 3084
81.54 91.06 7830 3093 87.39 90.05 8053 2711
82.88 91.94 .7868 3229 89.25 91.42 8126 3537
84.34 92.98 .7829 3450 91.03 92.66 8125 5197
85.70 93.87 .7704 3584 92.86 93.93 8004 5850
87.11 94.82 .7663 3919 95.55 96.47 8135 4290
88.50 95.72 .7857 2907
89.92 96.63 .8039 2478
91.35 97.57 .8092 1977
94.24 99.40 .7984 3645
95.65 100.24 .7884 2704
97.03 101.02 8108 4433
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Table VIII (contd)
Heat transfer data for each run code

RUN CODE 34155

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surface % Axial

Distance Chord Tw/Tg h/ho Distance Chord Tw/Tg h/ho
30.57 49.25 7282 2051 28.90 34.95 7338 5063
31.98 50.84 7297 3927 30.78 37.26 7253 4492
33.40 52.37 7248 4493 32.58 39.43 7206 3834
37.60 56.50 7154 4770 34.38 41.55 7212 3558
39.08 57.92 .7096 4517 36.29 43.76 7236 3245
41.80 60.34 .7067 4264 41.70 49.81 7348 2884
43.25 61.62 .7068 4221 45.37 53.70 7426 2810
44 .57 62.74 7121 4085 47.14 55.56 7445 2922
46.03 63.96 .7160 4015 49.03 57.47 7442 3077
47 .51 65.26 .7249 4378 50.84 59.28 7473 3254
48.95 66.44 .7303 4205 52.68 61.08 7535 3432
50.31 67.53 .7346 3928 54.48 62.81 7572 3604
51.78 68.75 .7379 3507 56.34 64.57 7633 3805
53.14 69.77 .7425 3727 58.12 66.24 7634 4067
54.62 71.01 .7519 4395 59.97 67.92 7624 4629
55.97 71.99 .7544 3839 61.77 69.55 7667 4701
57.36 73.07 .7548 3594 63.63 71.18 7722 3762
60.29 75.38 .7561 3859 65.41 72.73 7796 3827
61.67 76.42 .7545 3772 67.30 74.37 7814 3505
67.29 80.63 .7648 4286 69.07 75.85 7793 3955
70.13 82.74 .7662 4504 70.91 77.38 7709 4882
71.51 83.72 .7745 4156 72.72 78.84 7719 5467
73.03 84.92 .7817 4105 74.63 80.37 7858 4586
74.39 85.88 .7827 3639 76.40 81.77 7939 3654
75.74 86.80 .7805 3807 78.27 83.24 7987 3454
77.24 87.96 .7707 4365 81.91 86.03 7811 5081
78.62 88.92 7719 4611 85.55 88.71 7992 3393
81.54 91.06 .7924 3225 87.39 90.05 8152 3006
82.88 91.94 .7961 3358 89.25 91.42 8225 3876
84.34 92.98 .7921 3595 91.03 92.66 8223 5702
85.70 93.87 .7793 3785 92.86 93.93 8100 6431
87.11 94.82 L7751 4185 96.55 96.47 8227 4743
88.50 95.72 .7947 3052
89.92 96.63 .8132 2586
91.35 97.57 .8185 2043
94.24 99.40 .8074 3873
95.65 100.24 .7970 2923
97.03 101.02 8192 4510
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Table VIII (contd)
Heat transfer data for each run code

RUN CODE 34303

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surface % Axial

Distance Chord Tw/Tg h/ho Distance Chord Tw/Tg h/ho
30.57 49.25 7843 6409 28.90 34.95 7639 5280
31.98 50.84 7847 7629 30.78 37.26 7540 4925
33.40 52.37 7796 7709 32.58 39.43 7489 4229
37.60 56.50 7649 7059 34.38 41.55 7504 4051
39.08 57.92 7580 6601 36.29 43.76 7534 3717
41.80 60.34 7525 6082 41.70 49.81 7669 3364
43.25 61.62 7518 5973 45.37 53.70 7763 3369
44 .57 62.74 7572 5813 47.14 55.56 7785 3518
46.03 63.96 7609 5755 49.03 57.47 7780 3700
47.51 65.26 7696 6220 50.84 59.28 7810 3894
48.95 66.44 7746 5862 52.68 61.08 7875 4098
50.31 67.53 7796 5669 54.48 62.81 7916 4337
51.78 68.75 7822 5073 56.34 64.57 7983 4615
53.14 69.77 7868 5342 58.12 66.24 7981 4903
54.62 71.01 7960 6215 59.97 67.92 7966 5580
55.97 71.99 7985 5486 61.77 69.55 8011 5670
57.36 73.07 7980 5163 63.63 71.18 8070 4541
60.29 75.38 7991 5494 65.41 72.73 8147 4695
61.67 76.42 7966 5356 67.30 74 .37 8163 4229
67.29 80.63 8051 5829 69.07 75.85 8133 4679
70.13 82.74 8058 6102 70.91 77.38 8038 5723
71.51 83.72 8138 5644 72.72 78.84 8041 6384
73.03 84.92 8211 5756 74.63 80.37 8185 5324
74.39 85.88 8215 5049 76.40 81.77 8273 4270
75.74 86.80 8189 5210 78 .27 83.24 8323 4018
77.24 87.96 8082 5885 81.91 86.03 8135 5967
78.62 88.92 8091 6195 85 55 88.71 8314 3784
81.54 91.06 8293 4491 87 39 90.05 8484 3494
82.88 91.94 8328 4668 89 .25 91.42 8557 4704
84.34 92.98 8287 4971 91 03 92.66 8550 6866
85.70 93.87 8151 5053 92 86 93.93 8417 7506
87.11 94.82 8104 5473 96 55 96.47 8551 5348
88.50 95.72 8301 4236
89.92 96.63 .8491 3807
91.35 97.57 .8539 3066
94.24 99.40 .8417 5212
95.65 100.24 .8311 3913
97.03 101.02 8542 6537
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Table VIII {(contd)
Heat transfer data for each run code

RUN CODE 34304

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surface % Axial

Distance Chord Tw/Tg h/ho Distance Chord Tw/Tg h/ho
30.57 49.25 7846 6017 28.90 34.95 7704 5978
31.98 50.84 7849 7455 30.78 37.26 7604 5527
33.40 52.37 7796 7670 32.58 39.43 7548 4718
37.60 56.50 7649 7155 34.38 41.55 7556 4450
39.08 57.92 7578 6669 36.29 43.76 7578 4029
41.80 60.34 7520 6118 41.70 49.81 7692 3543
43.25 61.62 7512 5982 45.37 53.70 7770 3434
44 .57 62.74 7567 5814 47.14 55.56 7786 3544
46.03 63.96 7604 5760 49.03 57.47 7775 3700
47.51 65.26 7692 6237 50.84 59.28 7800 3878
48.95 66.44 7743 5863 52.68 61.08 7860 4058
50.31 67.53 7792 5665 54.48 62.81 7897 4251
51.78 68.75 7819 5076 56.34 64.57 7958 4483
53.14 69.77 7864 5336 58.12 66.24 7954 4767
54.62 71.01 7955 6190 59.97 67.92 7934 5382
55.97 71.99 7982 5480 61.77 69.55 7975 5427
57.36 73.07 7975 5162 63.63 71.18 8032 4314
60.29 75.38 7983 5479 65.41 72.73 8109 4437
61.67 76.42 7956 5345 67.30 74.37 8126 4032
67.29 80.63 8035 5836 69.07 75.85 8096 4477
70.13 82.74 8039 6107 70.91 77.38 8000 5470
71.51 83.72 8119 5699 72.72 78.84 8001 6090
73.03 84.92 8187 5724 74.63 80.37 8144 5045
74.39 85.88 8190 5044 76.40 81.77 8232 4020
75.74 86.80 8165 5220 78.27 83.24 8283 3820
77.24 87.96 8057 5879 81.91 86.03 8094 5679
78.62 88.92 8064 6164 85.55 88.71 8274 3539
81.54 91.06 8262 4483 87.39 90.05 8439 3115
82.88 91.94 8299 4706 89.25 91.42 8510 4112
84.34 92.98 8256 4957 91.03 92.66 8506 6356
85.70 93.87 8119 4983 92.86 93.93 8378 7105
87.11 94.82 8075 5450 96.55 96.47 8510 4827
88.50 95.72 .8271 4298
89.92 96.63 .8461 3946
91.35 97.57 .8506 3159
94.24 99.40 .8389 5279
95.65 100.24 .8285 4017
97.03 101.02 .8512 6588
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Table VIII (contd)
Heat transfer data for each run code

RUN CODE 34305

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surface % Axial

Distance Chord Tw/Tg h/ho Distance Chord Tw/Tg h/ho
30.57 49.25 7898 5934 23.90 34.95 7830 7041
31.98 50.84 7907 7683 30.78 37.26 7739 6481
33.40 52.37 7858 7994 32.58 39.43 7679 5479
37.60 56.50 7705 7395 34.38 41.55 7682 5105
39.08 57.92 7633 6885 35.29 43.76 7702 4653
41.80 60.34 7575 6331 41.70 49.81 7796 3963
43.25 61.62 7566 6176 45.37 53.70 7863 3772
44,57 62.74 7620 5979 47.14 55.56 7876 3900
46.03 63.96 7657 5899 49.03 57.47 7857 4045
47.51 65.26 7747 6388 50.84 59.28 7877 4192
48.95 66.44 7797 6024 2.68 61.08 7930 4358
50.31 67.53 7845 5787 54.48 62.81 7961 4527
51.78 68.75 7872 5186 56.34 64.57 8017 4720
53.14 69.77 7917 5427 58.12 66.24 8007 4948
54.62 71.01 8007 6257 59.97 67.92 7984 5594
55.97 71.99 8033 5563 61.77 69.55 8021 5641
57.36 73.07 8028 5246 62.63 71.18 8073 4429
60.29 75.38 8028 5538 6%.41 72.73 8146 4522
61.67 76.42 8000 5405 67.30 74.37 8161 4126
67.29 80.63 8076 5943 6¢.07 75.85 8128 4553
70.13 82.74 8074 6210 70.91 77.38 8030 5560
71.51 83.72 8154 5798 7¢.72 78.84 8029 6192
73.03 84.92 8220 5741 74.63 80.37 8168 5051
74.39 85.88 8224 5126 7€.40 81.77 8252 3943
75.74 86.80 8198 5326 78.27 83.24 8302 3728
77.24 87.96 8089 5996 81.91 86.03 8115 5724
78.62 88.92 8095 6291 85.55 88.71 8292 3557
81.54 91.06 8290 4621 87.39 90.05 8458 3163
82.88 91.94 8325 4814 89.25 91.42 8529 4215
84.34 92.98 .8281 5050 91.03 92.66 8524 6419
85.70 93.87 .8144 5113 92.86 93.93 8394 7156
87.11 94.82 .8097 5541 96.55 96.47 8528 4970
88.50 95.72 .8290 4314
89.92 96.63 .8478 3920
91.35% 97.57 .8523 3155
94.24 99.40 .8407 5368
95.65 100.24 .8301 4054
97.03 101.02 8528 6603
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Table VIII (contd)
Heat transfer data for each run code

RUN CODE 43000

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surface % Axial

Distance Chord Tw/Tg h/ho Distance Chord Tw/Tg h/ho
30.57 49.25 7640 9274 28.90 34.95 7254 5290
31.98 50.84 7569 8538 30.78 37.26 7108 4655
33.40 52.37 7487 8052 32.58 39.43 7030 3824
37.60 56.50 7283 7036 34.38 41.55 7034 3515
39.08 57.92 7189 6447 36.29 43.76 7071 3342
41.80 60.34 7111 5684 41.70 49 .81 7214 3018
43.25 61.62 7104 5637 45.37 53.70 7316 3102
44 .57 62.74 7170 5521 47.14 55.56 7332 3200
46.03 63.96 7211 5531 49.03 57.47 7317 3220
47 .51 65.26 7317 6111 50.84 59.28 7331 3215
48.95 66.44 7368 5562 52.68 61.08 7405 3551
50.31 67.53 7431 5539 54.48 62.81 7445 3763
51.78 68.75 7443 4815 56.34 64.57 7519 3973
53.14 69.77 7490 5151 58.12 66.24 7517 4328
54.62 71.01 7603 6236 59.97 67.92 7497 4887
55.97 71.99 7625 5468 61.77 69.55 7537 4922
57.36 73.07 7614 5090 63.63 71.18 7610 3981
60.29 75.38 7607 5385 65.41 72.73 7707 4362
61.67 76.42 7579 5287 67.30 74.37 7724 3941
67.29 80.63 7636 5447 69.07 75.85 7670 4059
70.13 82.74 7640 5877 70.91 77.38 7552 4776
71.51 83.72 7720 5341 72.72 78.84 7551 5367
73.03 84,92 7793 5316 74.63 80.37 7721 4535
74.39 85.88 7793 4720 76.40 81.77 7827 3735
75.74 86.80 7750 4706 78.27 83.24 7889 3620
77.24 87.96 7614 5086 81.91 86.03 7651 5194
78.62 88.92 7617 5295 85.55 88.71 7905 3594
81.54 91.06 7866 4284 87.39 90.05 8121 3498
82.88 91.94 7914 4634 89.25 91.42 8218 4754
84.34 92.98 .7846 4507 81.03 92.66 8214 7323
85.70 93.87 .7671 4278 92.86 93.93 8039 7201
87.11 94.82 .7623 4765 96.55 96.47 8209 5340
88.50 95.72 .7880 3856
89.92 96.63 .8124 3640
91.35 97.57 .8188 2977
94 .24 99.40 .8035 4777
95.65 100.24 .7906 3490
97.03 101.02 8192 6200
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Table VIII (contd)
Heat transfer data for each run code

RUN CODE 43103

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surface % Axial

Distance Chord Tw/Tg h/ho Distance Chord Tw/Tg h/ho
30.57 49,25 6914 1357 28.90 34.95 6988 4430
31.98 50.84 6903 2987 30.78 37.26 6871 3679
33.40 52.37 6855 3645 32.58 39.43 6809 3016
37.60 56.50 6729 3808 34.:8 41.55 6819 2848
39.08 57.92 6675 3653 36.79 43.76 6854 2689
41.80 60.34 6647 3448 41.70 49.81 7004 2592
43.25 61.62 6653 3489 45.:7 53.70 7105 2647
44 .57 62.74 6710 3363 47.:4 55.56 7137 2871
46.03 63.96 6752 3305 49,03 57.47 7141 2962
47 .51 65.26 6859 3756 50.&4 59.28 7169 2978
48.95 66.44 6919 3542 52.68 61.08 7247 3327
50.31 67.53 6974 3398 54.48 62.81 7292 3613
51.78 68.75 7005 2998 56.24 64.57 7367 3875
53.14 69.77 7054 3135 58.12 66.24 7371 4099
54.62 71.01 7149 3647 59.¢7 67.92 7365 4532
55.97 71.99 7180 3259 61.77 69.55 7408 4611
57.36 73.07 7191 3103 63.€3 71.18 7477 3978
60.29 75.38 7206 3340 65.¢1 72.73 7556 4135
61.67 76.42 7192 3245 67.30 74.37 7572 3826
67.29 80.63 7306 3524 69.C7 75.85 7535 4079
70.13 82.74 7335 3865 70.¢1 77.38 7440 4802
71.51 83.72 7426 3529 72.72 78.84 7449 5359
73.03 84.92 7501 3379 74.€3 80.37 7601 4614
74.39 85.88 7512 3001 76.40 81.77 7684 3723
75.74 86.80 7486 3140 78.27 83.24 7742 3617
77.24 87.96 7381 3649 81.%1 86.03 7552 4974
78.62 88.92 7396 3907 85.55 88.71 7766 3674
81.54 91.06 7631 2752 87.39 90.05 7944 3467
82.88 91.94 7678 2953 89.25 91.42 8019 4132
84.34 92.98 7630 2992 91.03 92.66 8026 7078
85.70 93.87 7484 2958 92.85 93,93 7860 6670
87.11 94.82 7445 3390 96.55 96.47 8004 5101
88.50 95.72 7672 2436
89.92 96.63 7880 2061
91.35 97.57 7945 1659
94.24 99.40 7808 3437
95.65 100.24 7691 2588
97.03 101.02 7946 4185
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Table VIII (contd)
Heat transfer data for each run code

RUN CODE 43104

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surface % Axial

Distance Chord Tw/Tg h/ho Distance Chord Tw/Tg h/ho
30.57 49.25 6961 2741 28.90 34.95 6864 4069
31.98 50.84 6903 3515 30.78 37.26 6739 3440
33.40 52.37 6845 3987 32.58 39.43 6682 2887
37.60 56.50 6710 4187 34.38 41.55 6693 2715
39.08 57.92 6637 3900 36.29 43.76 6731 2620
41.80 60.34 6598 3533 41.70 49.81 6868 2428
43.25 61.62 6600 3542 45.37 53.70 6956 2422
44 .57 62.74 6659 3454 47.14 55.56 6975 2517
46.03 63.96 6700 3450 49.03 57.47 6970 2561
47.51 65.26 6802 3868 50.84 59.28 6992 2591
48.95 66.44 6852 3476 52.68 61.08 7064 2884
50.31 67.53 6913 3476 54 .48 62.81 7101 3066
51.78 68.75 6932 3015 56.34 64.57 7171 3234
53.14 69.77 6981 3239 58.12 66.24 7173 3501
54.62 71.01 7084 3945 59.97 67.92 7164 3946
55.97 71.99 7109 3423 61.77 69.55 7206 3979
57.36 73.07 7108 3183 63.63 71.18 7271 3236
60.29 75.38 7120 3449 65.41 72.73 7359 3538
61.67 76.42 7105 3397 67.30 74.37 7377 3207
67.29 80.63 7198 3677 69.07 75.85 7336 3333
70.13 82.74 7220 4017 70.91 77.38 7236 3890
71.51 83.72 7304 3656 72.72 78.84 7242 4339
73.03 84.92 7378 3596 74.63 80.37 7400 3735
74.39 85.88 7386 3216 76.40 81.77 7495 3095
75.74 86.80 7354 3216 78.27 83.24 7556 3024
77.24 87.96 7237 3509 81.91 86.03 7357 4273
78.62 88.92 7248 3678 85.55 88.71 7594 3043
81.54 91.06 7490 2919 87.39 90.05 7792 2946
82.88 91.94 7540 3197 89.25 91.42 7882 3746
84.34 92.98 7483 3093 91.03 92.66 7888 5785
85.70 93.87 7329 2901 92.86 93.93 7741 5735
87.11 94.82 .7294 3331 96.55 96.47 7895 4368
88.50 95.72 .7539 2628
89.92 96.63 .7759 2338
91.35 97.57 .7830 1896
94.24 99.40 .7705 3242
95.65 100.24 7599 2321
97.03 101.02 7860 4288
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Table VIII (contd)
Heat transfer data for each run code

RUN CODE 4310%

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surfece % Axial

Distance Chord Tw/Tg h/ho Distarce Chord Tw/Tg h/ho
30.57 49.25 6976 2465 28.¢90 34.95 6926 4404
31.98 50.84 6924 3428 30.78 37.26 6807 3744
33.40 52.37 6868 3984 32.58 39.43 6750 3166
37.60 56.50 6729 4217 34.38 41.55 6759 2970
39.08 57.92 6651 3907 36.29 43.76 6794 2860
41.80 60.34 6599 3497 41.70 49.81 6910 2551
43.25 61.62 6589 3397 45.37 53.70 6983 2464
44 .57 62.74 6635 3207 47.14 55.56 6998 2573
46.03 63.96 6673 3150 49.03 57.47 6988 2612
47 .51 65.26 6788 3692 50.84 59.28 7005 2622
48.95 66.44 6853 3504 52.68 61.08 7070 2898
50.31 67.53 6919 3482 54.48 62.81 7101 3047
51.78 68.75 6938 3003 56.34 64.57 7163 3178
53.14 69.77 6985 3201 58.12 66.24 7162 3422
54.62 71.01 7084 3871 59.97 67.92 7148 3828
55.97 71.99 7108 3329 61.77 69.55 7183 3840
57.36 73.07 7103 3076 63.63 71.18 7245 3115
60.29 75.38 7112 3353 65.41 72.73 7329 3377
61.67 76.42 7097 3315 67.3) 74.37 7345 3069
67.29 80.63 7185 3596 69.07 75.85 7302 3170
70.13 82.74 7204 3945 70.91 77.38 7203 3698
71.51 83.72 7283 3575 72.72 78.84 7208 4151
73.03 84.92 7354 3505 74.63 80.37 7362 3567
74.39 85.88 7362 3151 76.4) 81.77 7452 2902
75.74 86.80 7329 3159 78.27 83.24 7510 2821
77.24 87.96 7214 3440 81.91 86.03 7311 4000
78.62 88.92 7223 3596 85.53 88.71 7541 2799
81.54 91.06 7454 2849 87.33 90.05 7734 2668
82.88 91.94 .7504 3139 89.25 91.42 7823 3476
84.34 92.98 .7447 3031 91.03 92.66 7829 5366
85.70 93.87 .7297 2883 92.85 93.93 7685 5308
87.11 94.82 .7262 3284 96.55 96.47 7836 4023
88.50 95.72 .7498 2604
89.92 96.63 L7713 2321
91.35 97.57 L7778 1852
94.24 99.40 .7662 3207
95.65 100.24 7557 2313
97.03 101.02 7807 4108
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Table VIII (contd)
Heat transfer data for each run code

RUN CODE 43135

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surface % Axial

Distance Chord Tw/Tg h/ho Distance Chord Tw/Tg h/ho
30.57 49.25 6853 2217 28.90 34.95 6810 3964
31.98 50.84 6805 3046 30.78 37.26 6702 3369
33.40 52.37 6758 3571 32.58 39.43 6652 2847
37.60 56.50 6637 3844 34.38 41.55 6664 2678
39.08 57.92 6568 3580 36.29 43.76 6698 2545
41.80 60.34 6528 3229 41.70 49.81 6818 2291
43.25 61.62 6526 3172 45.37 53.70 6895 2245
44 .57 62.74 6582 3078 47.14 55.56 6911 2322
46.03 63.96 6628 3106 49.03 57.47 6904 2349
47.51 65.26 6735 3576 50.84 59.28 6923 2363
48.95 66.44 6789 3280 52.68 61.08 6989 2622
50.31 67.53 6847 3231 54.48 62.81 7022 2772
51.78 68.75 6864 2772 56.34 64.57 7085 2910
53.14 69.77 6910 2963 58.12 66.24 7086 3146
54.62 71.01 7009 3612 59.97 67.92 7074 3527
55.97 71.99 7034 3131 61.77 69.55 7111 3544
57.36 73.07 7033 2909 63.63 71.18 7173 2881
60.29 75.38 7046 3160 65.41 72.73 7256 3134
61.67 76.42 7032 3120 67.30 74.37 7272 2813
67.29 80.63 7122 3414 69.07 75.85 7233 2913
70.13 82.74 7142 3717 70.91 77.38 7138 3427
71.51 83.72 7219 3368 72.72 78.84 7146 3858
73.03 84.92 7288 3299 74.63 80.37 7297 3299
74.39 85.88 7295 2957 76.40 81.77 7387 2682
75.74 86.80 7267 2992 78.27 83.24 7444 2614
77.24 87.96 7158 3282 81.91 86.03 7258 3744
78.62 88.92 7169 3434 85.55 88.71 7484 2579
81.54 91.06 7396 2733 87.39 90.05 7672 2440
82.88 91.94 7443 2966 89.25 91.42 7761 3178
84.34 92.98 7388 2847 91.03 92.66 7771 5005
85.70 93.87 7247 2736 92.86 93.93 7635 4923
87.11 94.82 7217 3123 96.55 96.47 7782 3695
88.50 95.72 7446 2475
89.92 96.63 7657 2240
91.35 97.57 7722 1787
94.24 99.40 7613 3006
95.65 100.24 7517 2174
97.03 101.02 7759 3936
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Table VIII {contd)
Heat transfer data for each run code

RUN CODE 43145

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surface % Axial

Distance Chord Tw/Tg h/ho Distance Chord Tw/Tg h/ho
30.57 49.25 6893 2345 28.90 34.95 6857 4178
31.98 50.84 6842 3171 30.78 37.26 6744 3534
33.40 52.37 6793 3698 32.58 39.43 6688 2953
37.60 56.50 6665 3935 34.38 41.55 6695 2747
39.08 57.92 6594 3664 36.29 43.76 6728 2609
41.80 60.34 6552 3299 41.70 49.81 6848 2365
43.25 61.62 6549 3245 45 .37 53.70 6926 2326
44 .57 62.74 6605 3145 47 .14 55.56 6941 2397
46.03 63.96 6650 3172 49.03 57.47 6934 2434
47.51 65.26 6758 3660 50.84 59.28 6955 2465
48.95 66.44 6811 3326 52.68 61.08 7022 2730
50.31 67.53 6869 3279 54 48 62.81 7054 2887
51.78 68.75 6886 2815 56.34 64.57 7120 3034
53.14 69.77 6933 3020 58.12 66.24 7122 3287
54.62 71.01 7033 3693 59.97 67.92 7110 3684
55.97 71.99 7057 3172 61.77 69.55 7148 3701
57.36 73.07 7054 2934 63.63 71.18 7210 3008
60.29 75.38 7068 3213 65.41 72.73 7293 3266
61.67 76.42 7054 3174 67.30 74.37 7309 2943
67.29 80.63 7143 3424 69.07 75.85 7269 3052
70.13 82.74 7163 3748 70.91 77.38 7174 3585
71.51 83.72 7243 3399 72.72 78.84 7182 4027
73.03 84.92 7313 3325 74.63 80.37 7332 3442
74.39 85.88 7322 2983 76.40 81.77 7421 2803
75.74 86.80 7293 3016 78.27 83.24 7480 2746
77.24 87.96 7183 3312 81.91 86.03 7293 3914
78.62 88.92 7193 3465 85.55 88.71 7517 2729
81.54 91.06 7420 2701 87.39 90.05 7707 2626
82.88 91.94 7470 2978 89.25 91.42 7795 3349
84.34 92.98 7417 2882 91.03 92.66 7804 5246
85.70 93.87 7271 2726 92.86 93.93 7665 5138
87.11 94.82 7240 3150 96.55 96.47 7809 3805
88.50 95.72 7470 2450
89.92 96.63 7680 2163
91.35 97.57 7747 1721
94.24 99.40 7638 3041
95.65 100.24 7540 2229
97.03 101.02 7782 3945
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Table VIII (contd)
Heat transfer data for each run code

RUN CODE 43155

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surface % Axial

Distance Chord Tw/Tg h/ho Distance Chord Tw/Tg h/ho
30.57 49.25 6906 2097 28.90 34.95 6905 4331
31.98 50.84 6860 3049 30.78 37.26 6793 3640
33.40 52.37 6812 3626 32.58 39.43 6737 3034
37.60 56.50 6691 3943 34.38 41.55 6746 2824
39.08 57.92 6620 3668 36.29 43.76 6779 2692
41.80 60.34 6578 3322 41.70 49.81 6904 2458
43.25 61.62 6571 3229 45.37 53.70 6984 2423
44 .57 62.74 6619 3050 47.14 55.56 7002 2515
46.03 63.96 6658 2994 49.03 57.47 6996 2561
47.51 65.26 6770 3508 50.84 59.28 7017 2593
48.95 66.44 6834 3305 52.68 61.08 7086 2874
50.31 67.53 6900 3300 54.48 62.81 7119 3046
51.78 68.75 6921 2850 56.34 64.57 7185 3205
53.14 69.77 6968 3048 58.12 66.24 7188 3460
54.62 71.01 7067 3700 59.97 67.92 7178 3882
55.97 71.99 7090 3164 61.77 69.55 7218 3904
57.36 73.07 7088 2911 63.63 71.18 7279 3179
60.29 75.38 7100 3181 65.41 72.73 7363 3476
61.67 76.42 7090 3146 67.30 74.37 7379 3140
67.29 80.63 7185 3412 69.07 75.85 7340 3260
70.13 82.74 7209 3754 70.91 77.38 7247 3818
71.51 83.72 7289 3368 72.72 78.84 7255 4274
73.03 84.92 7361 3294 74.63 80.37 7404 3675
74 .39 85.88 7371 2960 76.40 81.77 7493 3021
75.74 86.80 7342 2986 78.27 83.24 7551 2957
77.24 87.96 7233 3289 81.91 86.03 7363 4160
78.62 88.92 .7245 3456 85.55 88.71 7586 2961
81.54 91.06 .7475 2681 87.39 90.05 7773 2832
82.88 91.94 .7523 2931 89.25 91.42 7859 3549
84.34 92.98 .7469 2825 91.03 92.66 7867 5480
85.70 93.87 .7323 2690 92.86 93.93 7729 5428
87.11 94.82 .7293 3147 96.55 96.47 7866 3967
88.50 95.72 .7524 2408
89.92 96.63 .7734 2092
91.35 97.57 .7800 1638
94 .24 99.40 .7693 3043
95.65 100.24 .7594 2241
97.03 101.02 7832 3891
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Table VIII (contd)
Heat transfer data for each run code

RUN CODE 4333

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Sur“ace % Axial

Distance Chord Tw/Tg h/ho Distance Chord Tw/Tg h/ho
30.57 49.25 7372 6522 28.90 34.95 7022 4326
31.98 50.84 7306 6485 30.78 37.26 6881 3828
33.40 52.37 7229 6401 32.58 39.43 6815 3214
37.60 56.50 7033 5798 34.38 41.55 6827 3021
39.08 57.92 6941 5340 36.29 43.76 6871 2929
41.80 60.34 6877 4783 41.70 49.81 7026 2742
43.25 61.62 6870 4748 45.37 53.70 7128 2801
44 57 62.74 6928 4626 47.14 55.56 7148 2919
46.03 63.96 6967 4604 49.03 57.47 7138 2972
47.51 65.26 7070 5085 50.84 59.28 7159 3002
48.95 66.44 7122 4623 52.68 61.08 7235 3317
50.31 67.53 7185 4625 54.48 62.81 7277 3527
51.78 68.75 7201 4025 56.34 64.57 7352 3741
53.14 69.77 7249 4317 58.12 66.24 7355 4084
54.62 71.01 7360 5240 59.97 67.92 7341 4630
55.97 71.99 7384 4578 61.77 69.55 7384 4678
57.36 73.07 7375 4264 63.63 71.18 7454 3792
60.29 75.38 7378 4561 65.41 72.73 7549 4144
61.67 76.42 7354 4482 67.30 74.37 7566 3781
67.29 80.63 7428 4711 69.07 75.85 7513 3851
70.13 82.74 7437 5080 70.91 77.38 7393 4467
71.51 83.72 7526 4686 72.72 78.84 7397 5026
73.03 84.92 7601 4616 74.353 80.37 7569 4337
74.39 85.88 7603 4098 76.40 81.77 7673 3583
75.74 86.80 7562 4067 78.27 83.24 71732 3444
77.24 87.96 7429 4413 81.31 86.03 7503 4938
78.62 88.92 7436 4628 85.55 88.71 7753 3435
81.54 91.06 7689 3728 87.39 90.05 7969 3370
82.88 91.94 7738 4053 89.25 91.42 8066 4488
84.34 92.98 7671 3915 91.03 92.66 8066 6986
85.70 93.87 .7499 3709 92.86 93.93 7889 6655
87.11 94,82 .7452 4157 96.45 96.47 8060 5083
88.50 95.72 7713 3352
89.92 96.63 .7955 3104
91.35 97.57 .8023 2538
94.24 99.40 .7872 4112
95.65 100.24 7745 2889
97.03 101.02 8033 5440
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Table VIII (contd)
Heat transfer data for each run code

RUN CODE 43304

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surface % Axial

Distance Chord T/T¢ h/ho Distance Chord Tw/Tg h/ho
30.57 49.25 7380 6154 28.90 34.95 7099 4799
31.98 50.84 7312 6246 30.78 37.26 6959 4208
33.40 52.37 7237 6261 32.58 39.43 6888 3505
37.60 56.50 7045 5767 34.38 41.55 6895 3265
39.08 57.92 6954 5310 36.29 43.76 6932 3126
41.80 60.34 6889 4743 41.70 49.81 7068 2848
43.25 61.62 6883 4720 45.37 53.70 7157 2838
44 .57 62.74 6940 4582 47.14 55.56 7173 2943
46.03 63.96 6977 4541 49.03 57.47 7159 2990
47.51 65.26 7081 5037 50.84 59.28 7177 3015
48.95 66.44 7133 4577 52.68 61.08 7248 3315
50.31 67.53 7196 4571 54.48 62.81 7285 3505
51.78 68.75 7211 3967 56.34 64.57 7357 3695
53.14 69.77 7259 4266 58.12 66.24 7357 4017
54.62 71.01 7370 5204 59.97 67.92 7341 4545
55.97 71.99 7393 4524 61.77 69.55 7381 4580
57.36 73.07 7383 4194 63.63 71.18 7448 3691
60.29 75.38 7382 4482 65.41 72.73 7540 4036
61.67 76.42 7359 4412 67.30 74.37 7555 3633
67.29 80.63 7431 4661 69.07 75.85 7503 3715
70.13 82.74 7438 5018 70.91 77.38 7385 4336
71.51 83.72 7523 4604 72.72 78.84 7388 4885
73.03 84.92 7599 4617 74.63 80.37 7558 4205
74.39 85.88 7600 4066 76.40 81.77 7659 3460
75.74 86.80 7559 4035 78.27 83.24 7719 3334
77.24 87.96 7427 4360 81.91 86.03 7493 4788
78.62 88.92 7431 4548 85.55 88.71 7739 3299
81.54 91.06 7681 3689 87.39 90.05 7952 3223
82.88 91.94 7728 3976 89.25 91.42 8048 4335
84.34 92.98 .7663 .3869 91.03 92.66 .8047 .6621
85.70 93.87 . 7494 .3671 92.86 93.93 .7879 .6511
87.11 94.82 .7449 4119 96.55 96.47 .8049 .4977
88.50 95.72 .7705 3332
89.92 96.63 . 7942 3069
91.35 97.57 .8008 2480
94,24 99.40 .7862 4069
95.65 100.24 7740 2931
97.03 101.02 8022 5309

71



Table VIII (contd)
Heat transfer data for each run code

RUN CODE 43305

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surface % Axial
Distance Chord Tw/Tg h/ho Distan:e Chord Tw/Tg h/ho
30.57 49.25 7424 6239 28.99 34.95 7220 5640
31.98 50.84 7359 6440 30.78 37.26 7090 4966
33.40 52.37 7283 6489 32.58 39.43 7021 4162
37.60 56.50 7085 5938 34.33 41.55 7026 3857
39.08 57.92 6992 5461 36.29 43.76 7061 3710
4]1.80 60.34 6924 4874 41.79 49.81 7174 3252
43.25 61.62 6915 4821 45.37 53.70 7246 3130
44.57 62.74 6972 4666 47.14 55.56 7255 3227
46.03 63.96 7010 4611 49.03 57.47 7233 3255
47.51 65.26 7116 5098 50.84 59.28 7243 3256
48.95 66.44 7170 4662 52.68 61.08 7307 3545
50.31 67.53 7234 4648 54.48 62.81 7338 3710
51.78 68.75 7249 4033 56.34 64.57 7402 3866
53.14 69.77 7297 4306 58.1¢ 66.24 7395 4155
54.62 71.01 7406 5206 59.97 67.92 7371 4646
55.97 71.99 7431 4550 61.77 69.55 7403 4637
57.36 73.07 .7423 4237 63.63 71.18 .7464 3694
60.29 75.38 .7417 4537 65.4: 72.73 .7552 4016
61.67 76.42 .7391 4467 67.30 74.37 7564 3626
67.29 80.63 .7458 4731 69.07 75.85 7508 3674
70.13 82.74 7459 5092 70.9 77.38 7384 4253
71.51 83.72 7543 4685 72.7¢ 78.84 7383 4781
73.03 84.92 7616 4668 74.67 80.37 7551 4099
74.39 85.88 7616 4127 76.4( 81.77 7651 3336
75.74 86.80 7575 4122 78.27 83.24 7707 3189
77.24 87.96 7439 4446 81.91 86.03 7476 4604
78.62 88.92 7440 4616 85.58 88.71 7718 3117
81.54 91.06 7686 3790 87.3¢ 90.05 7928 2977
82.88 91.94 7733 4110 89.2¢ 91.42 8023 4108
84.34 92.98 7665 3967 91.0: 92.66 8019 6174
85.70 93.87 7494 3741 92.8¢ 93.93 7852 6137
87.11 94.82 7446 4160 96.5¢ 96.47 8024 4677
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Table VIII (contd)
Heat transfer data for each run code

RUN CODE 44000

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surface % Axial

Distance Chord Tw/Tg h/ho Distance Chord Tw/Tg h/ho
30.57 49.25 8009 9518 28.90 34.95 7749 6593
31.98 50.84 7969 9428 30.78 37.26 7620 5766
33.40 52.37 7907 9186 32.58 39.43 7545 4717
37.60 56.50 7736 8219 34.38 41.55 7554 4483
39.08 57.92 7661 7615 36.29 43.76 7580 4059
41.80 60.34 7596 6871 41.70 49.81 7720 3713
43.25 61.62 7595 6895 45.37 53.70 7818 3738
44.57 62.74 7661 6742 47.14 55.56 7842 3914
46.03 63.96 7700 6696 49.03 57.47 7824 4051
47.51 65.26 7799 7406 50.84 59.28 7852 4171
48.95 66.44 7851 7095 52.68 61.08 7924 4526
50.31 67.53 7893 6648 54.48 62.81 7965 4763
51.78 68.75 .7923 .5978 56.34 64.57 .8033 .5017
53.14 69.77 .7968 .6320 58.12 66.24 .8033 .5461
54.62 71.01 .8067 L7374 59.97 67.92 .8011 .6035
55.97 71.99 8091 6512 61.77 69.55 8046 6030
57.36 73.07 .8082 .6113 63.63 71.18 .8113 .4959
60.29 75.38 .8083 .6425 65.41 72.73 .8194 .5052
61.67 76.42 .8052 .6247 67.30 74.37 .8211 .4626
67.29 80.63 .8126 .6683 69.07 75.85 .8174 .5102
70.13 82.74 .8125 .7004 70.91 77.38 .8073 .6156
71.51 83.72 .8206 .6491 72.72 78.84 .8063 .6761
73.03 84.92 .8272 .6291 74.63 80.37 .8210 .5563
74.39 85.88 .8275 .5668 76.40 81.77 .8303 .4463
75.74 86.80 .8249 .5878 78.27 83.24 .8349 .4128
77.24 87.96 .8124 .6512 81.91 86.03 .8149 .6423
78.62 88.92 .8127 .6758 85.55 88.71 .8340 .4094
81.54 91.06 .8340 .5112 87.39 90.05 .8512 .3556
82.88 91.94 .8374 .5342 89.25 91.42 .8587 .4699
84.34 92.98 .8331 .5744 91.03 92.66 .8584 .7674
85.70 93.87 .8176 .5625 92.86 93.93 .8438 .8270
87.11 94.82 .8122 .6059 96.55 96.47 .8567 .5305
88.50 95.72 .8329 4721
89.92 96.63 .8533 4392
91.35 97.57 .8583 3630
94.24 99.40 .8448 6028
95.65 100.24 .8331 4791
97.03 101.02 8568 7286
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Table VIII (contd)
Heat transfer data for each run code

RUN CODE 4410z

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surface % Axial

Distance Chord Tw/Tg h/ho Distarce Chord Tw/Tg h/ho
30.57 49,25 7257 2206 28.%0 34.95 7272 4636
31.98 50.84 7232 3531 30.78 37.26 7175 3924
33.40 52.37 7178 4079 32.58 39.43 7131 3335
37.60 56.50 7075 4377 34.38 41.55 7155 3305
39.08 57.92 7020 4156 36.29 43.76 7191 3052
41.80 60.34 6999 3956 41.70 49.81 7342 2932
43.25 61.62 7005 3954 45.3 53.70 7443 3013
44 .57 62.74 7063 3823 47.14 55.56 7472 3182
46.03 63.96 7106 3785 49.C3 57.47 7473 3310
47.51 65.26 7208 4279 50.84 59.28 7506 3415
48.95 66.44 7265 4095 52.€8 61.08 7577 3700
50.31 67.53 7309 3804 54.48 62.81 7617 3961
51.78 68.75 7348 3417 56.34 64.57 7687 4229
53.14 69.77 7397 3625 58.12 66.24 7691 4500
54.62 71.01 7493 4251 59.97 67.92 7682 5049
55.97 71.99 7524 3735 61.77 69.55 7728 5122
57.36 73.07 7526 3495 63.63 71.18 7786 4233
60.29 75.38 7541 3705 65.41 72.73 7863 4395
61.67 76.42 7529 3611 67.30 74.37 7880 4044
67.29 80.63 7652 4188 69.07 75.85 7852 4399
70.13 82.74 .7670 .4375 70.91 77.38 .7765 .5227
71.51 83.72 7757 .3983 72.72 78.84 L7771 .5779
73.03 84.92 .7831 .3850 74.63 80.37 .7912 .4963
74.39 85.88 7845 3474 76.4) 81.77 7996 4093
75.74 86.80 .7826 .3641 78.27 83.24 .8047 .3932
77.24 87.96 7722 .4159 81.9| 86.03 .7878 .5673
78.62 88.92 .7734 .4380 85.55 88.71 .8059 .3906
81.54 g1.06 .7947 .3008 87.39 90.05 .8220 .3504
82.88 91.94 .7987 .3179 89.25 91.42 .8293 .4365
84.34 92.98 L7947 .3372 91.03 92.66 .8295 .6713
85.70 93.87 .7811 .3408 92.86 93.93 .8164 .6990
87.11 94.82 T772 .3873 96.54 96.47 .8287 .5169
88.50 95.72 .7980 2776
89.92 96.63 .8176 2408
91.35 97.57 .8237 1968
94.24 99.40 .8117 3637
95.65 100.24 8009 2531
97.03 101.02 8242 4543

74



Table VIII (contd)
Heat transfer data for each run code

RUN CODE 44104

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surface % Axial

Distance Chord Tw/Tg h/ho Distance Chord Tw/Tg h/ho
30.57 49.25 7254 1934 28.90 34.95 7270 4596
31.98 50.84 7224 3293 30.78 37.26 7171 3910
33.40 52.37 7171 3922 32.58 39.43 7124 3325
37.60 56.50 7067 4273 34.38 41.55 7140 3230
39.08 57.92 7012 4065 36.29 43.76 7168 2960
41.80 60.34 6990 3863 41.70 49.81 7297 2727
43.25 61.62 6995 3857 45.37 53.70 7385 2709
44 .57 62.74 7051 3738 47.14 55.56 7411 2860
46.03 63.96 7094 3711 49.03 57.47 7410 2981
47.51 65.26 7192 4178 50.84 59.28 7443 3086
48.95 66.44 7247 3957 52.68 61.08 7511 3365
50.31 67.53 7292 3729 54.48 62.81 7550 3574
51.78 68.75 7326 3330 56.34 64.57 7615 3777
53.14 69.77 7374 3530 58.12 66.24 7619 4034
54.62 71.01 7466 4151 59.97 67.92 7612 4582
55.97 71.99 7494 3623 61.77 69.55 7659 4663
57.36 73.07 7495 3383 63.63 71.18 7716 3785
60.29 75.38 7512 3604 65.41 72.73 7791 3939
61.67 76.42 .7497 3513 67.30 74.37 7811 3649
67.29 80.63 .7613 4064 69.07 75.85 7783 3987
70.13 82.74 .7630 4237 70.91 77.38 7704 4782
71.51 83.72 7714 3872 72.72 78.84 7711 5320
73.03 84.92 .7785 3756 74.63 80.37 7850 4555
74.39 85.88 .7798 3402 76.40 81.77 7935 3748
75.74 86.80 777 3534 78.27 83.24 7982 3541
77.24 87.96 .7679 4035 81.91 86.03 7819 5183
78.62 88.92 .7694 4278 85.55 88.71 7998 3533
81.54 91.06 .7897 2924 87.39 90.05 8159 3238
82.88 91.94 .7937 3088 89.25 91.42 8232 4056
84.34 92.98 .7900 3302 91.03 92.66 8237 6231
85.70 93.87 1772 3374 92.86 93.93 8113 6561
87.11 94.82 7732 3748 96.55 96.47 8232 4783
88.50 95.72 .7932 2690
89.92 96.63 .8120 2294
91.35 97.57 .8177 1806
94.24 99.40 .8066 3418
95.65 100.24 L7967 2465
97.03 101.02 8190 4270
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Table VIII {contd)
Heat transfer data for each run code

RUN CODE 44105

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surface % Axial

Distance Chord Tw/Tg h/ho Distance Chord Tw/Tg h/ho
30.57 49.25 7214 0941 28.90 34.95 7339 5200
31.98 50.84 7214 2995 30.78 37.26 7244 4519
33.40 52.37 7186 3970 32.58 39.43 7189 3777
37.60 56.50 7072 4369 34.38 41.55 7196 3559
39.08 57.92 7017 4178 36.29 43.76 7225 3381
41.80 60.34 6991 3965 41.70 49.81 7324 2905
43.25 61.62 6996 3972 45.37 53.70 7392 2719
44 .57 62.74 7047 3841 47.14 55.56 7416 2989
46.03 63.96 7089 3757 49.03 57.47 7414 3155
47.51 65.26 7181 4106 50.84 59.28 7435 3233
48.95 66.44 7236 3844 52.68 61.08 7490 3361
50.31 67.53 7291 3752 54.48 62.81 7523 3489
51.78 68.75 7313 3262 56.34 64.57 7581 3640
53.14 69.77 7360 3417 58.12 66.24 7581 3837
54.62 71.01 7448 4023 59.97 67.92 7575 4429
55.97 71.99 7473 3535 61.77 69.55 7620 4530
57.36 73.07 7481 3344 63.63 71.18 7669 3575
60.29 75.38 7495 3637 65.41 72.73 7741 3711
61.67 76.42 7477 3549 67.30 74.37 7756 3411
67.29 80.63 7585 4000 69.07 75.85 7727 3711
70.13 82.74 7601 4192 70.91 77.38 7646 4619
71.51 83.72 7680 3817 72.72 78.84 7665 5300
73.03 84.92 7749 3815 74.63 80.37 7794 4312
74.39 85.88 7756 3327 76.40 81.77 7867 3324
75.74 86.80 7732 3500 78.27 83.24 7922 3250
77.24 87.96 7646 4103 81.91 86.03 7748 4544
78.62 88.92 7658 4392 85.55 88.71 7933 3161
81.54 91.06 7856 3009 87.39 90.05 8082 2752
82.88 91.94 7897 3166 89.25 91.42 8152 3567
84.34 92.98 7855 3242 91.03 92.66 8152 5354
85.70 93.87 7735 3428 92.86 93.93 8031 5905
87.11 94.82 7701 3859 96.55 96.47 8156 4339
88.50 95.72 .7886 2778
89.92 96.63 .8064 2347
91.35 97.57 .8109 1747
94.24 99.40 .8010 3650
95.65 100.24 7910 2744
97.03 101.02 8124 4245
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Table VIII (contd)
Heat transfer data for each run code

RUN CODE 44106

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surface % Axial

Distance Chord Tw/Tg h/ho Distance Chord Tw/Tg h/ho
30.57 49.25 7168 1201 28.90 34.95 7293 5143
31.98 50.84 7185 3361 30.78 37.26 7206 4588
33.40 52.37 7151 4197 32.58 39.43 7160 3996
37.60 56.50 7028 4458 34.38 41.55 7165 3791
39.08 57.92 6957 4165 36.29 43.76 7182 3455
41.80 60.34 6919 3821 41.70 49.81 7258 2874
43.25 61.62 6919 3820 45 .37 53.70 7319 2782
44.57 62.74 6972 3677 47.14 55.56 7334 2880
46.03 63.96 7008 3608 49.03 57.47 7312 2914
47.51 65.26 7105 4045 50.84 59.28 7331 2926
48.95 66.44 7160 3909 52.68 61.08 7388 3218
50.31 67.53 7194 3533 54 .48 62.81 7411 3283
51.78 68.75 7230 3170 56.34 64.57 7458 3308
53.14 69.77 7270 3330 58.12 66.24 7455 3566
54.62 71.01 7359 3852 59.97 67.92 7438 3919
55.97 71.99 7383 3385 61.77 69.55 7465 3910
57.36 73.07 7385 3158 63.63 71.18 7518 3219
60.29 75.38 7384 3336 65.41 72.73 7583 3210
61.67 76.42 7370 3278 67.30 74.37 7597 2933
67.29 80.63 7471 3818 69.07 75.85 7568 3268
70.13 82.74 7475 3923 70.91 77.38 7488 4014
71.51 83.72 7546 3556 72.72 78.84 7489 4458
73.03 84.92 7607 3390 74.63 80.37 7613 3626
74.39 85.88 7617 3123 76.40 81.77 7688 2823
75.74 86.80 7597 3319 78.27 83.24 7727 2577
77.24 87.96 .7506 3850 81.91 86.03 7562 3918
78.62 88.92 .7517 4106 85.55 88.71 7731 2538
81.54 91.06 .7698 2862 87.39 90.05 7874 2099
82.88 91.94 L7729 2934 89.25 91.42 7937 2548
84.34 92.98 .7691 3127 91.03 92.66 7938 3952
85.70 93.87 .7573 3284 92.86 93.93 7834 4805
87.11 94.82 .7533 3583 96.55 96.47 7944 3037
88.50 95.72 .7706 2622
89.92 96.63 .7881 2329
91.35 97.57 .7926 1857
94.24 99.40 .7833 3421
95.65 100.24 .7745 2780
97.03 101.02 7941 4026
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Table VIII (contd)
Heat transfer data for each run code

RUN CODE 44107

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surface % Axial

Distance Chord Tw/Tg h/ho Distance Chord Tw/Tg h/ho
30.57 49.25 7047 1947 28.99 34.95 7115 5126
31.98 50.84 7074 4087 30.73 37.26 7027 4701
33.40 52.37 7036 4778 32.58 39.43 6980 4091
37.60 56.50 6885 4697 34.33 41.55 6990 3878
39.08 57.92 6808 4391 36.29 43.76 7012 3602
41.80 60.34 6764 4060 41.79 49.81 7086 2989
43.25 61.62 6758 3997 45,37 53.70 7143 2860
44 .57 62.74 6808 3837 47.14 55.56 7154 2978
46.03 63.96 6844 3770 49.03 57.47 7125 3048
47.51 65.26 6945 4192 50.84 59.28 7141 3095
48.95 66.44 7001 4051 52.63 61.08 7197 3345
50.31 67.53 7039 3701 54.43 62.81 7213 3380
51.78 68.75 7067 3271 56.3% 64.57 7261 3375
53.14 69.77 7107 3443 58.12 66.24 7250 3589
54.62 71.01 7201 4035 59.97 67.92 7227 3955
55.97 71.99 7222 3531 61.77 69.55 7250 3943
57.36 73.07 7220 3297 63.63 71.18 7304 3197
60.29 75.38 7211 3518 65.41 72.73 7374 3238
61.67 76.42 7187 3455 67.339 74.37 7384 2936
67.29 80.63 7278 3944 69.07 75.85 7343 3194
70.13 82.74 7272 4058 70.91 77.38 7244 3865
71.51 83.72 .7351 3743 72.72 78.84 7238 4280
73.03 84.92 .7416 3593 74.63 80.37 7376 3497
74.39 85.88 .7424 3324 76.4) 81.77 7463 2767
75.74 86.80 .7394 3457 78.27 83.24 7504 2537
77.24 87.96 .7280 3886 81.91 86.03 7300 3803
78.62 88.92 .7285 4101 85.55 88.71 7485 2397
81.54 81.06 .7490 3054 87.33 90.05 7650 1985
82.88 91.94 .7523 3169 89.25 91.42 7723 2629
84.34 92.98 7473 3313 91.03 92.66 7720 4123
85.70 93.87 .732% 3354 92.85 93.93 7588 4754
87.11 94.82 L7275 3599 96.55 96.47 7713 2971
88.50 95.72 L7475 2790
89.92 96.63 .7675 2566
91.35 97.57 L7721 2062
94.24 99.40 .7597 3500
95.65 100.24 .7488 2717
97.03 101.02 7717 4233
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Table VIII (contd)
Heat transfer data for each run code

RUN CODE 44108

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surface % Axial

Distance Chord Tw/Tg h/ho Distance Chord Tw/Tg h/ho
30.57 49.25 7057 2083 28.90 34.95 7130 5048
31.98 50.84 7095 4237 30.78 37.26 7053 4640
33.40 52.37 7047 4758 32.58 39.43 7014 4074
37.60 56.50 6900 4538 34.38 41.55 7029 3899
39.08 57.92 6828 4260 36.29 43.76 7051 3598
41.80 60.34 6791 3977 41.70 49.81 7126 2998
43.25 61.62 6784 3895 45.37 53.70 7182 2873
44 .57 62.74 6835 3742 47.14 55.56 7193 3000
46.03 63.96 6872 3691 49.03 57.47 7165 3085
47.51 65.26 6973 4110 50.84 59.28 7180 3148
48.95 66.44 7029 3979 52.68 61.08 7233 3369
50.31 67.53 7066 3626 54.48 62.81 7245 3395
51.78 68.75 7095 3203 56.34 64.57 7292 3382
53.14 69.77 7132 3380 58.12 66.24 7279 3565
54.62 71.01 7227 3978 59.97 67.92 7254 3940
55.97 71.99 7247 3480 61.77 69.55 7278 3942
57.36 73.07 7246 3243 63.63 71.18 7328 3192
60.29 75.38 7234 3458 65.41 72.73 7395 3209
61.67 76.42 7213 3408 67.30 74.37 7404 2899
67.29 80.63 7300 3868 69.07 75.85 7364 3174
70.13 82.74 7295 4022 70.91 77.38 7266 3876
71.51 83.72 7372 3704 72.72 78.84 7260 4296
73.03 84.92 7433 3502 74.63 80.37 7390 3451
74.39 85.88 7439 3246 76.40 81.77 7472 2708
75.74 86.80 7411 3400 78.27 83.24 7515 2518
77.24 87.96 7298 3835 81.91 86.03 7314 3745
78.62 88.92 7300 4037 85.55 88.71 7495 2414
81.54 91.06 7497 2948 87.39 90.05 7656 2038
82.88 91.94 7532 3109 89.25 91.42 7724 2536
84.34 92.98 7483 3263 91.03 92.66 7721 4088
85.70 93.87 7339 3262 92.86 93.93 7591 4718
87.11 94.82 7284 3492 96.55 96.47 7712 2947
88.50 95.72 7479 2677
89.92 96.63 7673 2435
91.35 97.57 7719 1978
94.24 99.40 7598 3432
95.65 100.24 7490 2684
97.03 101.02 7714 4096
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Table VIII icontd)
Heat transfer data for each run code

RUN CODE 441323

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surface % Axial

Distance Chord Tw/Tg h/ho Distznce Chord Tw/Tg h/ho
30.57 49.25 7132 1782 28.90 34.95 7172 4569
31.98 50.84 7115 3206 30.78 37.26 7082 3832
33.40 52.37 7068 3830 32.58 39.43 7045 3264
37.60 56.50 6976 4208 34.38 41.55 7072 3224
39.08 57.92 6923 3994 36.29 43.76 7112 3028
41.80 60.34 6902 3781 41.70 49.81 7266 2890
43.25 61.62 6906 3738 45,37 53.70 7365 2928
44 .57 62.74 6965 3638 47.14 55.56 7395 3106
46.03 63.96 7014 3653 49.03 57.47 7398 3261
47 .51 65.26 7118 4127 50.84 59.28 7434 3402
48.95 66.44 7174 3884 52.68 61.08 7507 3693
50.31 67.53 7222 3663 54.48 62.81 7545 3948
51.78 68.75 7256 3252 56.34 64.57 7616 4199
53.14 69.77 7306 3439 58.12 66.24 7619 4437
54.62 71.01 7401 4042 59.97 67.92 7612 5020
55.97 71.99 7432 3534 61.77 69.55 7661 5119
57.36 73.07 7434 3308 63.63 71.18 7717 4212
60.29 75.38 7453 3536 65.41 72.73 7795 4414
61.67 76.42 7438 3440 67.30 74.37 7813 4071
67.29 80.63 7568 4066 69.07 75.85 7781 4389
70.13 82.74 7585 4225 70.91 77.38 7695 5197
71.51 83.72 7675 3842 72.72 78.84 7701 5755
73.03 84.92 7748 3629 74.63 80.37 7845 4985
74.39 85.88 7764 3325 76.40 81.77 7934 4189
75.74 86.80 7743 3480 78.27 83.24 7982 3982
77.24 87.96 .7638 3980 81.91 86.03 7802 5606
78.62 88.92 .7651 4210 85.55 88.71 7986 3911
81.54 91.06 .7870 2880 87.39 90.05 8157 3639
82.88 91.94 .7912 3062 89.25 91.42 8235 4641
84.34 92.98 .7869 3238 91.J3 92.66 8236 6983
85.70 93.87 L7729 3294 92.36 93.93 8095 7073
87.11 94,82 .7683 3671 96.55 96.47 8219 5313
88.50 95.72 .7899 2621
89.92 96.63 .8099 2208
91.35 97.57 .8161 1734
94.24 99.40 .8036 3419
95.65 100.24 .7923 2378
97.03 101.02 8160 4189
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Table VIII (contd)
Heat transfer data for each run code

RUN CODE 44135

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surface % Axial

Distance Chord Tw/Tg h/ho Distance Chord Tw/Tg h/ho
30.57 49.25 7187 1437 28.90 34.95 7238 4592
31.98 50.84 7168 2920 30.78 37.26 7147 3900
33.40 52.37 7125 3640 32.58 39.43 7099 3300
37.60 56.50 7029 4057 34.38 41.55 7108 3138
39.08 57.92 6977 3868 36.29 43.76 7128 2838
41.80 60.34 6955 3676 41.70 49.81 7233 2501
43.25 61.62 6961 3680 45.37 53.70 7306 2404
44 .57 62.74 7015 3561 47.14 55.56 7327 2523
46.03 63.96 7055 3519 49.03 57.47 7321 2615
47.51 65.26 7148 3945 50.84 59.28 7348 2693
48.95 66.44 7199 3732 52.68 61.08 7409 2903
50.31 67.53 7242 3509 54.48 62.81 7442 3059
51.78 68.75 7274 3138 56.34 64.57 7502 3212
53.14 69.77 7320 3329 58.12 66.24 7502 3403
54.62 71.01 7408 3912 59.97 67.92 7492 3841
55.97 71.99 7434 3412 61.77 69.55 7534 3901
57.36 73.07 7433 3183 63.63 71.18 7591 3172
60.29 75.38 7449 3382 65.41 72.73 7661 3202
61.67 76.42 7433 3300 67.30 74.37 7680 2936
67.29 80.63 7541 3851 69.07 75.85 7657 3255
70.13 82.74 7557 3999 70.91 77.38 7582 3975
71.51 83.72 7631 3653 72.72 78.84 7589 4432
73.03 84.92 7696 3535 74.63 80.37 7720 3715
74.39 85.88 7709 3241 76.40 81.77 7803 2998
75.74 86.80 7692 3393 78.27 83.24 7846 2772
77.24 87.96 .7601 3865 81.91 86.03 7698 4252
78.62 88.92 .7616 4086 85.55 88.71 7866 2670
81.54 91.06 .7802 2836 87.39 90.05 8020 2371
82.88 91.94 .7836 2927 89.25 91.42 8092 3074
84.34 92.98 .7805 3177 91.03 92.66 8099 4785
85.70 93.87 .7690 3270 92.86 93.93 7992 5253
87.11 94.82 .7654 3547 96.55 96.47 8107 3666
88.50 95.72 .7838 2673
89.92 96.63 .8017 2391
91.35 97.57 .8065 1843
94.24 99.40 .7976 3360
95.65 100.24 .7890 2592
97.03 101.02 8089 4032
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Table VIII (contd)
Heat transfer data for each run code

RUN CODE 44:44

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surface % Axial

Distance Chord Tw/Tg h/ho Distance Chord Tw/Tg h/ho
30.57 49,25 .7194 .1488 28.90 34.95 .7256 L4727
31.98 50.84 .7181 .3101 30.78 37.26 .7159 .3949
33.40 52.37 L7133 .3786 32.58 39.43 7111 .3315
37.60 56.50 .7037 4174 34.38 41.55 .7128 .3221
39.08 57.92 .6985 .3977 36.29 43.76 .7155 .2921
41.80 60.34 .6966 .3786 41.70 49.81 .7286 .2713
43.25 61.62 .6973 .3787 45.37 53.70 .7376 .2727
44 .57 62.74 .7031 .3673 47.14 55.56 .7402 .2862
46.03 63.96 .7074 .3646 46.03 57.47 .7400 .2985
47.51 65.26 7172 .4100 50.84 59.28 .7434 .3104
48.95 66.44 7227 3913 57.68 61.08 7503 3379
50.31 67.53 7270 3645 54.48 62.81 7542 3609
51.78 68.75 7307 3274 5¢.34 64.57 7608 3832
53.14 69.77 7354 3466 5€.12 66.24 7611 4053
54.62 71.01 7445 4051 56.97 67.92 7603 4579
55.97 71.99 7473 3533 61.77 69.55 7650 4660
57.36 73.07 7473 3296 3.63 71.18 7707 3818
60.29 75.38 7489 3515 65.41 72.73 7782 3980
61.67 76.42 7476 3428 67.30 74.37 7800 3636
67.29 80.63 7593 3946 65.07 75.85 7774 3990
70.13 82.74 7615 4194 7€.91 77.38 7694 4796
71.51 83.72 7697 3818 72.72 78.84 7700 5313
73.03 84.92 7766 3599 74.63 80.37 7836 4502
74.39 85.88 7780 3287 7€.40 81.77 7917 3657
75.74 86.80 7762 3463 78.27 83.24 7967 3506
77.24 87.96 7665 3986 81.91 86.03 7805 5148
78.62 88.92 7679 4225 85.55 88.71 7981 3494
81.54 91.06 7881 2867 87.39 90.05 8140 3169
82.88 91.94 7921 3034 89.25 91.42 8211 3885
84.34 92.98 7884 3255 91.03 92.66 8216 6047
85.70 93.87 7755 3315 92.86 93.93 8094 6440
87.11 94.82 7716 3702 96.55 96.47 8212 4601
88.50 95.72 7915 2667
89.92 96.63 .8100 2245
91.35 97.57 .8160 1835
94.24 99.40 .8049 3417
95.65 100.24 7950 2475
97.03 101.02 8174 4296
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Table VIII (contd)
Heat transfer data for each run code

RUN CODE 44145

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surface % Axial

Distance Chord Tw/Tg h/ho Distance Chord Tw/Tg h/ho
30.57 49.25 7234 1462 28.90 34.95 7306 .4908
31.98 50.84 7217 3065 30.78 37.26 7208 4131
33.40 52.37 7168 3777 32.58 39.43 7154 3453
37.60 56.50 7066 4156 34.38 41.55 7161 3282
39.08 57.92 7013 3961 36.29 43.76 7179 2929
41.80 60.34 6991 3775 41.70 49.81 7285 2613
43.25 61.62 6996 3768 45.37 53.70 7362 2572
44 .57 62.74 7051 3635 47.14 55.56 7382 2669
46.03 63.96 7091 3593 49.03 57.47 7375 2761
47.51 65.26 7187 4065 50.84 59.28 7403 2855
48.95 66.44 7240 3881 52.68 61.08 7464 3073
50.31 67.53 7278 3574 54.48 62.81 7500 3250
51.78 68.75 7314 3218 56.34 64.57 7559 3436
53.14 69.77 7360 3408 58.12 66.24 7561 3667
54.62 71.01 7447 3980 59.97 67.92 7549 4108
55.97 71.99 7474 3480 61.77 69.55 7590 4145
57.36 73.07 7473 3245 63.63 71.18 7646 3378
60.29 75.38 7485 3429 65.41 72.73 7717 3463
61.67 76.42 7469 3344 67.30 74.37 7735 3172
67.29 80.63 7576 3878 69.07 75.85 7711 3523
70.13 82.74 7591 4055 70.91 77.38 7634 4254
71.51 83.72 7667 3699 72.72 78.84 7637 4699
73.03 84.92 7731 3520 74.63 80.37 7769 3955
74.39 85.88 7744 3211 76.40 81.77 7848 3172
75.74 86.80 7728 3405 78.27 83.24 7895 3001
77.24 87.96 7635 3897 81.91 86.03 7744 4525
78.62 88.92 7647 4096 85.55 88.71 7920 3077
81.54 91.06 7835 2825 87.39 90.05 8071 2739
82.88 91.94 .7871 2941 89.25 91.42 8141 3472
84.34 92.98 .7837 3131 91.03 92.66 8146 5214
85.70 93.87 .7718 3207 92.86 93.93 8037 5740
87.11 94.82 .7683 3566 96.55 96.47 8153 4217
88.50 95.72 .7869 2565
89.92 96.63 .8043 2148
91.35 97.57 .8096 1682
94.24 99.40 .7999 3172
95.65 100.24 7910 2349
97.03 101.02 8116 3835
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Table VIII (contd)
Heat transfer data for each run code

RUN CODE 44155

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surface % Axial

Distance Chord Tw/Tg h/ho Distance Chord Tw/Tg h/ho
30.57 49.25 JT177 1240 28.90 34.95 7268 4794
31.98 50.84 .7155 2755 30.78 37.26 7178 4072
33.40 52.37 J112 3514 32.58 39.43 7127 3396
37.60 56.50 .7012 3950 34.38 41.55 7138 3258
39.08 57.92 .6962 3781 36.29 43.76 7159 2935
41.80 60.34 .6942 3594 41.70 49.81 7268 2613
43.25 61.62 .6949 3609 45.37 53.70 7344 2524
44 .57 62.74 .7006 3498 47.14 55.56 7368 2682
46.03 63.96 .7049 3460 49,93 57.47 7364 2804
47.51 65.26 7144 3888 50.34 59.28 7394 2902
48.95 66.44 .7197 3729 52.58 61.08 7457 3114
50.31 67.53 7237 3426 54.18 62.81 7492 3292
51.78 68.75 7273 3061 56.34 64.57 7553 3480
53.14 69.77 .7319 3265 58.12 66.24 7556 3712
54.62 71.01 .7411 3868 59.37 67.92 7546 4121
55.97 71.99 .7438 3353 61.77 69.55 7586 4142
57.36 73.07 .7439 3117 63.53 71.18 7643 3405
60.29 75.38 .7454 3314 65.41 72.73 7714 3503
61.67 76.42 .7439 3224 67.30 74.37 7733 3211
67.29 80.63 .7552 3734 69.07 75.85 7712 3570
70.13 82.74 .7571 3914 70.31 77.38 7638 4311
71.51 83.72 .7649 3565 72.72 78.84 7642 4750
73.03 84.92 7714 3346 74.33 80.37 7770 3976
74.39 85.88 .7728 3068 76.40 81.77 7848 3185
75.74 86.80 7715 3253 78.27 83.24 7894 3015
77.24 87.96 .7623 3770 81.31 86.03 7751 4563
78.62 88.92 .7640 4008 85.55 88.71 7915 2967
81.54 91.06 .7825 2662 87.39 90.05 8065 2656
82.88 91.94 .7860 2753 89.25 91.42 8134 3267
84.34 92.98 .7832 3029 91.33 92.66 8142 5170
85.70 93.87 L7715 3113 92.36 93.93 8033 5447
87.11 94.82 .7682 3451 96. 35 96.47 8143 3843
88.50 95.72 .7867 2520
89.92 96.63 .8040 2136
91.35 97.57 .8093 1649
94.24 99.40 .8007 3223
95.65 100.24 .7921 2473
97.03 101.02 8115 3820
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Table VIII (contd)
Heat transfer data for each run code

RUN CODE 44203

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surface % Axial

Distance Chord Tw/Tg h/ho Distance Chord Tw/Tg h/ho
30.57 49.25 7444 3658 28.90 34,95 71372 4919
31.98 50.84 7436 5081 30.78 37.26 7263 4294
33.40 52.37 7377 5444 32.58 39.43 7215 3722
37.60 56.50 7236 5266 34.38 41.55 7232 3600
39.08 57.92 7168 4948 36.29 43.76 7264 3308
41.80 60.34 7127 4571 41.70 49.81 7407 3106
43.25 61.62 7129 4578 45.37 53.70 7508 3213
44.57 62.74 7189 4466 47.14 55.56 7533 3366
46.03 63.96 7233 4457 49.03 57.47 7530 3518
47.51 65.26 7336 5000 50.84 59.28 7563 3672
48.95 66.44 7391 4747 52.68 61.08 7634 3959
50.31 67.53 7436 4449 54 .48 62.81 7675 4215
51.78 68.75 7471 4005 56.34 64.57 7746 4471
53.14 69.77 7519 4227 58.12 66.24 7746 4722
54.62 71.01 7614 4913 59.97 67.92 7734 5271
55.97 71.99 7642 4336 61.77 69.55 7779 5363
57.36 73.07 7640 4076 63.63 71.18 7845 4510
60.29 75.38 7649 4329 65.41 72.73 7924 4648
61.67 76.42 7629 4215 67.30 74.37 7943 4310
67.29 80.63 7738 4700 69.07 75.85 7911 4684
70.13 82.74 7751 4927 70.91 77.38 7821 5578
71.51 83.72 7838 4504 72.72 78.84 7822 6161
73.03 84.92 7911 4336 74.63 80.37 7964 5196
74.39 85.88 7922 3887 76.40 81.77 8049 4244
75.74 86.80 7897 4038 78.27 83.24 8101 4082
77.24 87.96 7787 4587 81.91 86.03 7913 5834
78.62 88.92 7798 4842 85.55 88.71 8097 3975
81.54 91.06 8017 3460 87.39 90.05 8264 3567
82.88 91.94 8056 3615 89.25 91.42 8340 4571
84.34 92.98 8010 3810 91.03 92.66 8338 6862
85.70 93.87 7868 3871 92.86 93.93 8202 7338
87.11 94.82 7820 4275 96.55 96.47 8329 5358
88.50 95.72 8032 3148
89.92 96.63 8233 2778
91.35 97.57 8291 2255
94.24 99.40 8161 3990
95.65 100.24 8047 2803
97.03 101.02 8287 4966
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Table VIII {contd)
Heat transfer data for each run code

RUN CODE 44254

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surface % Axial

Distance Chord Tw/Tg h/ho Distance Chord Tw/Tg h/ho
30.57 49.25 7471 3526 28.90 34.95 7428 5308
31.98 50.84 7466 5129 30.78 37.26 7317 4662
33.40 52.37 7407 5554 32.58 39.43 7260 3980
37.60 56.50 7263 5397 34 .38 41.55 7270 3807
39.08 57.92 7192 5052 36.29 43.76 7293 3442
41.80 60.34 7145 4612 41.70 49.81 7411 3092
43.25 61.62 7145 4617 45.37 53.70 7499 3119
44 .57 62.74 7205 4522 47.14 55.56 7521 3271
46.03 63.96 7249 4524 49.03 57.47 7513 3403
47.51 65.26 7350 5041 50.84 59.28 7540 3525
48.95 66.44 7405 4823 52.68 61.08 7607 3791
50.31 67.53 7448 4490 54.48 62.81 7645 4020
51.78 68.75 7481 4026 56.34 64.57 7711 4238
53.14 69.77 7527 4255 58.12 66.24 7707 4436
54.62 71.01 7622 4971 59.97 67.92 7692 4971
55.97 71.99 7648 4385 61.77 69.55 7736 5054
57.36 73.07 7646 4117 63.63 71.18 7798 4172
60.29 75.38 7650 4367 65 .41 72.73 7875 4244
61.67 76.42 7629 4261 67.30 74.37 7895 3941
67.29 80.63 7727 4714 69.07 75.85 7863 4324
70.13 82.74 7738 4944 70 91 77.38 7773 5176
71.51 83.72 .7822 4544 72.72 78.84 7772 5705
73.03 84.92 .7895 4475 74 63 80.37 7915 4781
74.39 85.88 .7903 3964 76 40 81.77 8004 3898
75.74 86.80 .7879 4119 78.27 83.24 8054 3714
77.24 87.96 L7770 4666 81 91 86.03 7867 5425
78.62 88.92 .7780 4909 85.55 88.71 8054 3649
81.54 91.06 .7995 3589 87.39 90.05 8222 3287
82.88 91.94 .8034 3781 89.25 91.42 8298 4280
84.34 92.98 .7987 3898 91.03 92.66 8298 6552
85.70 93.87 .7843 3879 92.86 93.93 8162 6948
87.11 94.82 L7797 4292 96.55 96.47 8287 4877
88.50 95.72 .8004 3194
89.92 96.63 .8202 2844
91.35 97.57 .8259 2332
94.24 99.40 .8129 3956
95.65 100.24 8018 2813
97.03 101.02 8258 5081
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Table VIII (contd)
Heat transfer data for each run code

RUN CODE 44205

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surface % Axial

Distance Chord Tw/Tg h/ho Distance Chord Tw/Tg h/ho
30.57 49.25 7505 3671 28.90 34.95 7494 5980
31.98 50.84 7496 5341 30.78 37.26 7385 5317
33.40 52.37 7435 5811 32.58 39.43 7322 4493
37.60 56.50 7281 5637 34.38 41.55 7327 4243
39.08 57.92 7206 5262 36.29 43.76 7345 3829
41.80 60.34 7154 4772 41.70 49.81 7444 3334
43.25 61.62 7154 4795 45.37 53.70 7518 3280
44 .57 62.74 7212 4670 47.14 55.56 7534 3415
46.03 63.96 7254 4636 49.03 57.47 7517 3537
47.51 65.26 7357 5178 50.84 59.28 7539 3647
48.95 66.44 7413 4955 52.68 61.08 7597 3845
50.31 67.53 7455 4609 54.48 62.81 7630 4012
51.78 68.75 7487 4119 56.34 64.57 7689 4186
53.14 69.77 7532 4332 58.12 66.24 7682 4393
54.62 71.01 7626 5037 59.97 67.92 7663 4909
55.97 71.99 7653 4473 61.77 69.55 7702 4969
57.36 73.07 7650 4217 63.63 71.18 7762 4069
60.29 75.38 7649 4454 65.41 72.73 7837 4123
61.67 76.42 7623 4343 67.30 74.37 7854 3774
67.29 80.63 7713 4797 69.07 75.85 7820 4161
70.13 82.74 7718 5024 70.91 77.38 7729 5024
71.51 83.72 7800 4607 72.72 78.84 7724 5525
73.03 84.92 7871 4537 74.63 80.37 7863 4541
74.39 85.88 7878 4050 76.40 81.77 7951 3658
75.74 86.80 7854 4214 78.27 83.24 8001 3478
77.24 87.96 7743 4771 81.91 86.03 7810 5161
78.62 88.92 7751 5023 85.55 88.71 7993 3352
81.54 91.06 7958 3632 87.39 90.05 8163 3009
82.88 91.94 7997 3854 89.25 91.42 8240 4015
84.34 92.98 7950 4012 91.03 92.66 8236 6075
85.70 93.87 7805 3994 92.86 93.93 8097 6443
87.11 94.82 7756 4380 96.55 96.47 8228 4525
88.50 95.72 7962 3338
89.92 96.63 8158 2966
91.35 97.57 8211 2391
94.24 99.40 8085 4154
95.65 100.24 7974 3071
97.03 101.02 8210 5153
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Table VIII (contd)
Heat transfer data for each run code

RUN CODE 44303

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surfzce % Axial

Distance Chord Tw/Tg h/ho Distarce Chord Tw/Tg h/ho
30.57 49.25 7685 5420 28.¢0 34.95 7550 5493
31.98 50.84 7684 6758 30.78 37.26 7434 4836
33.40 52.37 7624 6898 32.58 39.43 7378 4132
37.60 56.50 7461 6271 34.38 41.55 7392 3966
39.08 57.92 7384 5827 36.29 43.76 7421 3641
41.80 60.34 7331 5305 41.70 49.81 7556 3334
43.25 61.62 7329 5288 45.37 53.70 7655 3468
44.57 62.74 7390 5172 47.14 55.56 7678 3622
46.03 63.96 7433 5167 49.03 57.47 7670 3756
47.51 65.26 7534 5749 50.84 59.28 7698 3883
48.95 66.44 7590 5527 52.68 61.08 7767 4186
50.31 67.53 7633 5171 54.48 62.81 7809 4472
51.78 68.75 7666 4646 56.34 64.57 7877 4751
53.14 69.77 7710 4892 58.12 66.24 7873 4975
54.62 71.01 7806 5679 59.97 67.92 7858 5561
55.97 71.99 7833 5021 61.77 69.55 7899 5643
57.36 73.07 7826 4729 63.63 71.18 7963 4665
60.29 75.38 7832 5002 65.41 72.73 8043 4826
61.67 76.42 7803 4854 67.32 74.37 8061 4465
67.29 80.63 7896 5282 69.07 75.85 8026 4866
70.13 82.74 7907 5619 70.91 77.38 7929 5773
71.51 83.72 7993 5197 72.72 78.84 7923 6327
73.03 84.92 8065 5080 74.63 80.37 8068 5282
74.39 85.88 8070 4486 76.4) 81.77 8155 4265
75.74 86.80 8042 4638 78.27 83.24 8208 4093
77.24 87.96 7929 5250 81.91 86.03 8015 6028
78.62 88.92 7937 5543 85.53 88.71 8202 3999
81.54 91.06 8154 4074 87.39 90.05 8370 3513
82.88 91.94 8194 4301 89.25 91.42 8445 4555
84.34 92.98 8144 4425 91.03 92.66 8442 7101
85.70 93.87 7997 4434 92.86 93.93 8301 7582
87.11 94.82 7947 4865 96.55 96.47 8427 5121
88.50 85.72 .8159 3703
89.92 96.63 .8360 3349
91.35 97.57 .8418 2846
94.24 99.40 .8282 4667
95.65 100.24 .8164 3327
97.03 101.02 8410 6000

88



Table VIII (contd)
Heat transfer data for each run code

RUN CODE 44304

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surface % Axial

Distance Chord Tw/Tg h/ho Distance Chord Tw/Tg h/ho
30.57 49.25 7766 5537 28.90 34.95 7668 6144
31.98 50.84 7764 6897 30.78 37.26 7561 5500
33.40 52.37 7704 7113 32.58 39.43 7500 4656
37.60 56.50 7547 6576 34.38 41.55 7509 4423
39.08 57.92 7473 6128 36.29 43.76 7532 4025
41.80 60.34 7421 5637 41.70 49.81 7643 3527
43.25 61.62 7416 5580 45.37 53.70 7728 3540
44 .57 62.74 7473 5423 47.14 55.56 7747 3698
46.03 63.96 7514 5392 49.03 57.47 7731 3796
47.51 65.26 7613 5993 50.84 59.28 7753 3868
48.95 66.44 7668 5754 52.68 61.08 7818 4194
50.31 67.53 7710 5377 54.48 62.81 7857 4426
51.78 68.75 7741 4819 56.34 64.57 7918 4646
53.14 69.77 7786 5081 58.12 66.24 7914 4932
54.62 71.01 7881 5920 59.97 67.92 7896 5495
55.97 71.99 7908 5239 61.77 69.55 7933 5539
57.36 73.07 7900 4926 63.63 71.18 7995 4551
60.29 75.38 7903 5187 65.41 72.73 8074 4716
61.67 76.42 7873 5043 67.30 74.37 8091 4354
67.29 80.63 7957 5498 69.07 75.85 8056 4759
70.13 82.74 7962 5783 70.91 77.38 7960 5652
71.51 83.72 8043 5342 72.72 78.84 7952 6180
73.03 84.92 8110 5193 74.63 80.37 8094 5135
74.39 85.88 8115 4607 76.40 81.77 8181 4139
75.74 86.80 8088 4789 78.27 83.24 8233 3976
77.24 87.96 7978 5433 81.91 86.03 8041 5889
78.62 88.92 7985 5733 85.55 88.71 8226 3934
81.54 91.06 8192 4193 87.39 90.05 8390 3461
82.88 91.94 8229 4413 89.25 91.42 8462 4407
84 .34 92.98 8180 4545 91.03 92.66 8460 6896
85.70 93.87 8036 4557 92.86 93.93 8325 7507
87.11 94.82 7987 5007 96.55 96.47 8452 5256
88.50 95.72 .8188 3756
89.92 96.63 .8383 3356
91.35 97.57 .8438 2818
94.24 99.40 .8309 4719
95.65 100.24 .8196 3450
97.03 101.02 8431 5808
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Table VIII (coatd)
Heat transfer data for each run code

RUN CODE 44305

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surface % Axial

Distance Chord Tw/Tg h/ho Distance Chord Tw/Tg h/ho
30.57 49,25 7759 4916 28.90 34,95 7734 6857
31.98 50.84 7755 6550 30.78 37.26 7633 6142
33.40 52.37 7703 6990 32.58 39.43 7570 5159
37.60 56.50 7550 6647 34.38 41.55 7575 4867
39.08 57.92 7472 6156 36.29 43.76 7593 4410
4]1.80 60.34 7419 5611 41.70 49.81 7687 3772
43.25 61.62 .7415 5561 45,37 53.70 7758 3665
44.57 62.74 .7473 5411 47.14 55.56 71774 3830
46.03 63.96 .7515 5385 49.03 57.47 7753 3939
47.51 65.26 .7615 5972 50.84 59.28 7772 4016
48.95 66.44 .7667 5656 52.68 61.08 7829 4280
50.31 67.53 .7709 5296 54.48 62.81 7862 4472
51.78 68.75 .7740 4754 56.34 64.57 7918 4651
53.14 69.77 .7785 4996 58.12 66.24 7908 4867
54.62 71.01 .7878 5784 59.97 67.92 7886 5421
55.97 71.99 .7905 5125 61.77 69.55 7919 5465
57.36 73.07 .7899 4833 63.63 71.18 7976 4445
60.29 75.38 .7901 5124 65.41 72.73 8050 4532
61.67 76.42 .7869 4986 67.30 74.37 8064 4118
67.29 80.63 .7948 5443 69.07 75.85 8029 4525
70.13 82.74 .7949 5707 70.91 77.38 7933 5437
71.51 83.72 .8029 5278 72.72 78.84 7925 5970
73.03 84.92 .8097 5242 74.63 80.37 8063 4916
74.39 85.88 .8099 4591 76.40 81.77 8148 3899
75.74 86.80 .8074 4784 78.27 83.24 8196 3692
77.24 87.96 .7963 5415 81.91 86.03 8007 5581
78.62 88.92 .7967 5676 85.55 88.71 8189 3604
81.54 91.06 .8168 4160 87.39 90.05 8352 3106
82.88 91.94 .8206 4422 89.25 g1.42 8425 4097
84.34 92.98 .8159 4606 91.03 92.66 8422 6425
85.70 93.87 .8016 4553 92.86 93.93 8290 7059
87.11 94.82 .7966 4955 96.55 96.47 8415 4737
88.50 95.72 .8168 3856
89.92 96.63 .8360 3483
91.35 97.57 .8413 2915
94.24 99.40 .8286 4782
95.65 100.24 .8174 3501
97.03 101.02 .8407 5971
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Table VIII (contd)
Heat transfer data for each run code

RUN CODE 44306

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surface % Axial

Distance Chord Tw/Tg h/ho Distance Chord Tw/Tg h/ho
30.57 49.25 7516 3771 28.90 34.95 7669 8652
31.98 50.84 7535 6314 30.78 37.26 7556 7559
33.40 52.37 7498 7171 32.58 39.43 7488 6367
37.60 56.50 7325 6910 34.38 41.55 7489 5927
39.08 57.92 7234 6369 36.29 43.76 7515 5599
41.80 60.34 7174 5778 41.70 49.81 7590 4658
43.25 61.62 7163 5661 45.37 53.70 7645 4431
44 .57 62.74 7221 5452 47.14 55.56 7653 4606
46.03 63.96 7264 5381 49.03 57.47 7617 4692
47.51 65.26 7380 5973 50.84 59.28 7627 4742
48.95 66.44 7442 5724 52.68 61.08 7688 5149
50.31 67.53 7486 5301 54.48 62.81 7702 5223
51.78 68.75 7518 4727 56.34 64.57 7754 5210
53.14 69.77 7562 4937 58.12 66.24 7734 5450
54.62 71.01 7666 5694 59.97 67.92 7701 5986
55.97 71.99 7693 5084 61.77 69.55 7725 5979
57.36 73.07 7691 4795 63.63 71.18 7779 4878
60.29 75.38 7669 5082 65.41 72.73 7856 5001
61.67 76.42 7639 4992 67.30 74.37 7861 4534
67.29 80.63 7723 5486 69.07 75.85 7807 4830
70.13 82.74 7708 5700 70.91 77.38 7685 5743
71.51 83.72 7796 5230 72.72 78.84 7675 6352
73.03 84.92 7868 5045 74.63 80.37 7829 5297
74.39 85.88 7872 4591 76.40 81.77 7926 4304
75.74 86.80 7829 4737 78.27 83.24 7971 3987
77.24 87.96 7698 5331 81.91 86.03 7725 5728
78.62 88.92 7696 5632 85.55 88.71 7929 3816
81.54 91.06 .7926 4134 87.39 90.05 8119 3399
82.88 91.94 .7964 4352 89.25 91.42 8196 4331
84.34 92.98 .7900 4505 91.03 92.66 8185 6794
85.70 93.87 .7728 4554 92.86 93.93 8015 7387
87.11 94.82 .7659 4904 96.55 96.47 8156 4913
88.50 95.72 .7890 3728
89.92 96.63 .8117 3424
91.35 97.57 .8173 2846
94.24 99.40 .8006 4828
95.65 100.24 .7866 3677
97.03 101.02 .8137 5821
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Table VIII (contd)
Heat transfer data for each run code

RUN CODE 44307

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surfece % Axial

Distance Chord Tw/Tg h/ho Distarce Chord Tw/Tg h/ho
30.57 49.25 7568 4031 28.¢0 34.95 7781 9920
31.98 50.84 7596 6788 30.78 37.26 7685 8740
33.40 52.37 7571 7766 32.58 39.43 7621 7378
37.60 56.50 7397 7465 34.38 41.55 7627 6893
39.08 57.92 7305 6861 36.29 43.76 7655 6547
41.80 60.34 7242 6193 41.70 49.81 7724 5380
43.25 61.62 7233 6087 45.37 53.70 71772 5047
44.57 62.74 7294 5869 47.14 55.56 7779 5266
46.03 63.96 7339 5775 49.C3 57.47 7737 5381
47 .51 65.26 7456 6357 50.84 59.28 7745 5440
48.95 66.44 7521 6145 52.68 61.08 7800 5807
50.31 67.53 7566 5671 54.48 62.81 7807 5841
51.78 68.75 7597 5031 56.34 64.57 7856 5792
53.14 69.77 7643 5267 58.12 66.24 7831 6020
54.62 71.01 7750 6111 59.97 67.92 7794 6573
55.97 71.99 1776 5389 61.77 69.55 7812 6550
57.36 73.07 7771 5048 63.63 71.18 7863 5363
60.29 75.38 7747 5375 65.41 72.73 7938 5477
61.67 76.42 7712 5271 67.30 74.37 7939 4942
67.29 80.63 7794 5800 69.07 75.85 7880 5227
70.13 82.74 7773 5994 70.91 77.38 7752 6181
71.51 83.72 7861 5470 72.72 78.84 7738 6812
73.03 84.92 7934 5309 74.63 80.37 7891 5654
74.39 85.88 7935 4781 76.40 81.77 7986 4582
75.74 86.80 7891 4937 78.27 83.24 8030 4258
77.24 87.96 7753 5580 81.91 86.03 7773 6054
78.62 88.92 7750 5910 85.55 88.71 7976 4067
81.54 91.06 7984 4369 87.39 90.05 8166 3581
82.88 91.94 8020 4572 89.25 91.42 8241 4547
84.34 92.98 7951 4685 91.03 92.66 8227 7067
85.70 93.87 7773 4749 92.86 93.93 8051 7704
87.11 94.82 .7701 5149 96.55 96.47 8191 5090
88.50 95.72 .7932 3875
89.92 96.63 .8163 3574
91.35 97.57 .8219 2999
94.24 99.40 .8044 5068
95.65 100.24 .7896 3792
97.03 101.02 8174 6095
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Table VIII (contd)
Heat transfer data for each run code

RUN CODE 44308

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surface % Axial

Distance Chord Tw/Tg h/ho Distance Chord Tw/Tg h/ho
30.57 49.25 7554 3954 28.90 34.95 7790 1.0201
31.98 50.84 7587 6844 30.78 37.26 7703 9107
33.40 52.37 7553 7750 32.58 39.43 7643 7721
37.60 56.50 7382 7424 34.38 41.55 7650 7222
39.08 57.92 7291 6852 36.29 43.76 7677 6818
41.80 60.34 7235 6290 41.70 49.81 7742 5593
43.25 61.62 7223 6130 45.37 53.70 7789 5271
44 .57 62.74 7283 5882 47.14 55.56 7795 5487
46.03 63.96 7327 5790 49.03 57.47 7752 5632
47.51 65.26 7447 6414 50.84 59.28 7760 5735
48.95 66.44 7511 6147 52.68 61.08 7813 6060
50.31 67.53 7556 5667 54.48 62.81 7815 6062
51.78 68.75 7588 5034 56.34 64.57 7862 5987
53.14 69.77 7634 5267 58.12 66.24 7834 6197
54.62 71.01 7743 6105 59.97 67.92 7795 6781
55.97 71.99 7770 5397 61.77 69.55 7813 6762
57.36 73.07 7765 5063 63.63 71.18 7860 5504
60.29 75.38 7740 5428 65.41 72.73 7934 5629
61.67 76.42 7707 5342 67.30 74.37 7932 5044
67.29 80.63 7784 5833 69.07 75.85 7873 5357
70.13 82.74 7759 6025 70.91 77.38 7742 6357
71.51 83.72 7848 5495 72.72 78.84 7727 7011
73.03 84.92 7922 5356 74.63 80.37 7880 5821
74.39 85.88 7923 4827 76.40 81.77 7974 4697
75.74 86.80 7877 4968 78.27 83.24 8017 4373
77.24 87.96 .7733 5585 81.91 86.03 7753 6197
78.62 88.92 .7728 5899 85.55 88.71 7952 4114
81.54 91.06 .7965 4349 87.39 90.05 8142 3588
82.88 91.94 .8000 4572 89.25 91.42 8219 4633
84.34 92.98 .7931 4728 91.03 92.66 8203 7268
85.70 93.87 L7744 4705 92.86 93.93 8020 7848
87.11 94.82 .7670 5148 96.55 96.47 8160 5050
88.50 95.72 .7908 3924
89.92 96.63 .8140 3613
91.35 97.57 .8197 3055
94.24 99.40 .8011 5099
95.65 100.24 .7858 3815
97.03 101.02 8146 6279
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Table VIII (contd)
Heat transfer data for esch run code

RUN CODE 44333

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surface % Axial

Distance Chord Tw/Tg h/ho Distance Chord Tw/Tg h/ho
30.57 49.25 7669 5424 28.90 34.95 7523 5450
31.98 50.84 7665 6716 30.78 37.26 7410 4833
33.40 52.37 7607 6904 32.58 39.43 7353 4128
37.60 56.50 7449 6370 34.38 41.55 7369 3990
39.08 57.92 7374 5935 36.29 43.76 7398 3639
41.80 60.34 7320 5421 41.70 49.81 7536 3350
43.25 61.62 7317 5382 45.37 53.70 7634 3447
44 .57 62.74 7378 5266 47.14 55.56 7658 3600
46.03 63.96 7422 5274 49.03 57.47 7649 3743
47.51 65.26 7523 5859 50.84 59.28 7678 3883
48.95 66.44 7576 5566 52.68 61.08 7747 4166
50.31 67.53 7620 5230 54 .48 62.81 7791 4457
51.78 68.75 7652 4700 56.34 64.57 7861 4748
53.14 69.77 7699 4970 58.12 66.24 7857 4955
54.62 71.01 7795 5803 59.97 67.92 7842 5568
55.97 71.99 7820 5102 61.77 69.55 7886 5667
57.36 73.07 7815 4783 63.63 71.18 7949 4671
60.29 75.38 .7818 5041 65.41 72.73 8030 4842
61.67 76.42 .7790 4891 67.30 74.37 8048 4484
67.29 80.63 .7886 5346 69.07 75.85 8014 4889
70.13 82.74 .7898 5690 70.91 77.38 7916 5796
71.51 83.72 .7981 5208 72.72 78.84 7911 6356
73.03 84.92 .8050 5041 74.63 80.37 8056 5315
74.39 85.88 .8056 4484 76.40 81.77 8142 4278
75.74 86.80 .8027 4627 78.27 83.24 8197 4132
77.24 87.96 L7915 5242 81.91 86.03 8001 6013
78.62 88.92 .7923 5549 85.55 88.71 8187 4001
81.54 91.06 .8140 4059 87.39 90.05 8354 3530
82.88 91.94 .8180 4302 89.25 91.42 8428 4589
84.34 92.98 .8131 4443 91.03 92.66 8423 6913
85.70 93.87 .7983 4420 92.86 93.93 8284 7507
87.11 94.82 .7931 4820 96.55 96.47 8412 5267
88.50 95.72 .8143 3686
89.92 96.63 .8345 3365
91.35 97.57 .8400 2778
94.24 99.40 .8264 4618
95.65 100.24 .8147 3289
97.03 101.02 .8389 5806
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Table VIII (contd)
Heat transfer data for each run code

RUN CODE 44344

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surface % Axial

Distance Chord Tw/Tg h/ho Distance Chord Tw/Tg h/ho
30.57 49.25 7711 4825 28.90 34.95 7627 6039
31.98 50.84 7707 6403 30.78 37.26 7516 5309
33.40 52.37 7654 6783 32.58 39.43 7455 4482
37.60 56.50 7499 6371 34.38 41.55 7463 4256
39.08 57.92 7427 5951 36.29 43.76 7485 3840
41.80 60.34 7377 5485 41.70 49.81 7602 3429
43.25 61.62 7374 5431 45.37 53.70 7689 3442
44 .57 62.74 7432 5284 47.14 55.56 7710 3614
46.03 63.96 7473 5256 49.03 57.47 7700 3759
47.51 65.26 7572 5826 50.84 59.28 7724 3886
48.95 66.44 7625 5553 52.68 61.08 7789 4160
50.31 67.53 7667 5207 54.48 62.81 7827 4395
51.78 68.75 7699 4690 56.34 64.57 7890 4628
53.14 69.77 7745 4931 58.12 66.24 7886 4862
54.62 71.01 7837 5703 59.97 67.92 7868 5464
55.97 71.99 7864 5057 61.77 69.55 7911 5558
57.36 73.07 7857 4761 63.63 71.18 7972 4579
60.29 75.38 7858 4997 65.41 72.73 8050 4690
61.67 76.42 7829 4849 67.30 74.37 8066 4304
67.29 80.63 7918 5310 69.07 75.85 8033 4714
70.13 82.74 7925 5592 70.91 77.38 7939 5647
71.51 83.72 8008 5140 72.72 78.84 7935 6220
73.03 84.92 8078 5055 74.63 80.37 8075 5161
74.39 85.88 8084 4481 76.40 81.77 8160 4140
75.74 86.80 8058 4653 78.27 83.24 8213 3998
77.24 87.96 .7948 5277 81.91 86.03 8023 5895
78.62 88.92 .7956 5561 85.55 88.71 8205 3922
81.54 91.06 .8162 4022 87.39 90.05 8368 3442
82.88 91.94 .8202 4274 89.25 91.42 8437 4308
84.34 92.98 .8152 4385 91.03 92.66 8434 6847
85.70 93.87 .8010 4442 92.86 93.93 8295 7208
87.11 94.82 .7961 4885 96.55 96.47 8419 4893
88.50 95.72 .8163 3647
89.92 96.63 .8359 3281
91.35 97.57 .8413 2744
94.24 99.40 .8286 4686
95.65 100.24 .8172 3410
97.03 101.02 8406 5873
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Table VIII (contd)
Heat transfer data for each run code

RUN CODE 44355

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surface % Axial

Distance Chord Tw/Tg h/ho Distance Chord Tw/Tg h/ho
30.57 49.25 7689 3857 28.90 34.95 7704 6774
31.98 50.84 7693 5866 30.78 37.26 7602 5964
33.40 52.37 7644 6446 32.58 39.43 7537 4964
37.60 56.50 7493 6197 34.38 41.55 7539 4641
39.08 57.92 7423 5797 36.29 43.76 7556 4187
41.80 60.34 7375 5345 41.70 49.81 7655 3644
43.25 61.62 7373 5307 45.37 53.70 7731 3593
44.57 62.74 7432 5160 47.14 55.56 7748 3738
46.03 63.96 7474 5123 49.03 57.47 7731 3860
47.51 65.26 7572 5684 50.84 59.28 7755 3973
48.95 66.44 7626 5414 52.68 61.08 7817 4267
50.31 67.53 7668 5066 54 .48 62.81 7851 4475
51.78 68.75 7699 4547 56.34 64.57 7910 4675
53.14 69.77 7744 4781 58.12 66.24 7905 4938
54.62 71.01 7837 5542 59.97 67.92 7887 5512
55.97 71.99 7863 4885 61.77 69.55 7924 5559
57.36 73.07 7858 4588 63.63 71.18 7981 4529
60.29 75.38 7860 4866 65.41 72.73 8056 4658
61.67 76.42 7834 4740 67.30 74.37 8071 4273
67.29 80.63 7924 5236 69.07 75.85 8037 4690
70.13 82.74 7930 5514 70.91 77.38 7945 5618
71.51 83.72 8011 5073 72.72 78.84 7940 6174
73.03 84.92 8080 4948 74.63 80.37 8078 5127
74.39 85.88 8086 4414 76.40 81.77 8162 4107
75.74 86.80 8060 4590 78.27 83.24 8211 3904
77.24 87.96 7950 5179 81.91 86.03 8026 5780
78.62 88.92 7956 5433 85.55 88.71 8204 3772
81.54 91.06 8162 3956 87.39 90.05 8367 3311
82.88 91.94 8202 4204 89.25 91.42 8439 4294
84.34 92.98 8155 4357 91.03 92.66 8435 6498
85.70 93.87 .8016 4385 92.85% 93.93 8305 7319
87.11 94.82 L7971 4886 96.55 96.47 8423 4822
88.50 95.72 .8172 3712
89.92 96.63 .8362 3300
91.35% 97.57 .8416 2730
94.24 99.40 .8291 4688
95.65 100.24 8181 3520
97.03 101.02 8409 5769
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Table VIII (contd)
Heat transfer data for each run code

RUN CODE 45000

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surface % Axial

Distance Chord Tw/Tg h/ho Distance Chord Tw/Tg h/ho
30.57 49.25 7978 1.0654 28.90 34.95 7631 7144
31.98 50.84 7923 1.0570 30.78 37.26 7513 6525
33.40 52.37 7860 1.0467 32.58 39.43 7463 5658
37.60 56.50 7684 9615 34.38 41.55 7489 5399
39.08 57.92 7597 8896 36.29 43.76 7538 5145
41.80 60.34 7515 7933 41.70 49.81 7701 4737
43.25 61.62 7498 7653 45.37 53.70 7799 4683
44 .57 62.74 7561 7468 47.14 55.56 7817 4936
46.03 63.96 7613 7541 49.03 57.47 7801 5124
47.51 65.26 7731 8371 50.84 59.28 7818 5274
48.95 66.44 7790 7959 52.68 61.08 7892 5691
50.31 67.53 7843 7547 54.48 62.81 7921 5888
51.78 68.75 7858 6546 56.34 64.57 7990 6055
53.14 69.77 7898 6951 58.12 66.24 7975 6436
54.62 71.01 8021 8346 59.97 67.92 7945 7241
55.97 71.99 8044 7364 61.77 69.55 7979 7315
57.36 73.07 8034 6853 63.63 71.18 8045 5885
60.29 75.38 8011 7245 65.41 72.73 8134 5924
61.67 76.42 7992 7180 67.30 74.37 8149 5404
67.29 80.63 8063 7795 69.07 75.85 8098 5816
70.13 82.74 8040 8000 70.91 77.38 7966 6962
71.51 83.72 8139 7491 72.72 78.84 7957 7746
73.03 84.92 8222 7567 74.63 80.37 8128 6462
74.39 85.88 8217 6496 76.40 81.77 8230 5171
75.74 86.80 8182 6623 78.27 83.24 8281 4849
77.24 87.96 8027 7382 81.91 86.03 8012 7258
78.62 88.92 .8030 7716 85.55 88.71 .8232 .4699
81.54 91.06 .8264 .5720 87.39 90.05 .8433 .4008
82.88 91.94 .8308 .6192 89.25 91.42 .8520 .5560
84.34 92.98 .8240 .6467 91.03 92.66 .8505 .8606
85.70 93.87 .8044 .6280 92.86 93.93 .8316 .9145
87.11 94.82 .7969 .6814 96.55 96.47 .8469 .5942
88.50 95.72 .8224 5545
89.92 96.63 .8463 5100
91.35 97.57 .8513 4108
94.24 99.40 .8338 6813
95.65 100.24 .8190 5520
97.03 101.02 .8469 8080

97



Table VIII (contd)
Heat transfer data for ezch run code

RUN CODE 45103

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surface % Axial

Distance Chord Tw/Tg h/ho Distance Chord Tw/Tg h/ho
30.57 49.25 7253 2794 28.90 34.95 7202 4758
31.98 50.84 7209 3824 30.78 37.26 7125 4243
33.40 52.37 7168 4512 32.58 39.43 7107 3820
37.60 56.50 7073 5002 34.38 41.55 7145 3772
39.08 57.92 7015 4743 36.29 43.76 7196 3602
41.80 60.34 6991 4465 41.70 49.81 7367 3454
43.25 61.62 6994 4420 45.37 53.70 7468 3521
44 .57 62.74 7053 4293 47.14 55.56 7494 3699
46.03 63.96 7097 4239 49.93 57.47 7496 3838
47.51 65.26 7195 4612 50.34 59.28 7524 3965
48.95 66.44 7254 4390 52.58 61.08 7600 4362
50.31 67.53 7307 4179 54.48 62.81 7628 4582
51.78 68.75 7337 3652 56.34 64.57 7697 4763
53.14 69.77 7383 3890 58.12 66.24 7694 5057
54.62 71.01 7492 4668 59.97 67.92 7682 5712
55.97 71.99 7519 4087 61.77 69.55 7725 5825
57.36 73.07 7526 3787 63.63 71.18 7784 4800
60.29 75.38 7525 4090 65.41 72.73 7862 4851
61.67 76.42 7532 4093 67.30 74.37 7878 4457
67.29 80.63 7647 4703 69.07 75.85 7845 4830
70.13 82.74 7654 4910 70.91 77.38 7745 5754
71.51 83.72 7751 4535 72.72 78.84 7748 6374
73.03 84.92 .7832 4409 74.63 80.37 7896 5428
74.39 85.88 .7841 3826 76.40 81.77 7985 4438
75.74 86.80 .7820 4027 78.27 83.24 8033 4204
77.24 87.96 L7703 4649 81.¢1 86.03 7837 6201
78.62 88.92 L7713 4895 85.:5 88.71 8030 4264
81.54 91.06 .7933 3309 87.:9 90.05 8204 3786
82.88 91.94 .7976 3549 89.¢5 91.42 8281 4657
84.34 92.98 .7930 3835 91.c3 92.66 8281 7440
85.70 93.87 7776 3903 92.€6 93.93 8125 7529
87.11 94.82 L7726 4432 96.55 96.47 8254 5332
88.50 95.72 .7956 3285
89.92 96.63 .8156 2641
91.35 97.57 .8222 2156
94.24 99.40 .8089 4260
95.65 100.24 .7974 3497
97.03 101.02 8209 4875
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Table VIII (contd)
Heat transfer data for each run code

RUN CODE 45104

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surface % Axial

Distance Chord Tw/Tg h/ho Distance Chord Tw/Tg h/ho
30.57 49.25 7299 2948 28.90 34.95 7218 4801
31.98 50.84 7249 3963 30.78 37.26 7131 4345
33.40 52.37 7208 4680 32.58 39.43 7099 3831
37.60 56.50 7097 5107 34.38 41.55 7124 3679
39.08 57.92 7031 4814 36.29 43.76 7164 3464
41.80 60.34 6997 4461 41.70 49.81 7302 3154
43.25 61.62 6997 4420 45.37 53.70 7392 3165
44 .57 62.74 7053 4297 47.14 55.56 7412 3306
46.03 63.96 7094 4246 49.03 57.47 7409 3412
47.51 65.26 7188 4617 50.84 59.28 7434 3508
48.95 66.44 7242 4336 52.68 61.08 7505 3857
50.31 67.53 7292 4143 54.48 62.81 7533 4028
51.78 68.75 7318 3627 56.34 64.57 7599 4172
53.14 69.77 7362 3847 58.12 66.24 7597 4487
54.62 71.01 7464 4585 59.97 67.92 7586 5100
55.97 71.99 7490 4042 61.77 69.55 7628 5198
57.36 73.07 7494 3762 63.63 71.18 7688 4238
60.29 75.38 7491 4031 65.41 72.73 7766 4263
61.67 76.42 7493 4028 67.30 74.37 7783 3894
67.29 80.63 7599 4631 69.07 75.85 7752 4264
70.13 82.74 7605 4827 70.91 77.38 7658 5140
71.51 83.72 7698 4482 72.72 78.84 7661 5714
73.03 84.92 7773 4339 74.63 80.37 7808 4830
74.39 85.88 7781 3781 76.40 81.77 7897 3915
75.74 86.80 7761 3964 78.27 83.24 7945 3691
77.24 87.96 7649 4583 81.91 86.03 7756 5555
78.62 88.92 7662 4852 85.55 88.71 7952 3780
81.54 91.06 7870 3271 87.39 90.05 8123 3345
82.88 91.94 7913 3520 89.25 91.42 8196 4035
84.34 92.98 7869 3783 91.03 92.66 8195 6266
85.70 93.87 7720 3827 92.86 93.93 8056 6804
87.11 94.82 .7673 4294 96.55 96.47 8188 4851
88.50 95.72 .7896 3249
89.92 96.63 .8092 2672
91.35 97.57 .8153 2166
94.24 99.40 .8028 4062
95.65 100.24 .7921 3296
97.03 101.02 8152 4727
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Table VIII (contd)
Heat transfer data for each run code

RUN CODE 45105

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surface % Axial

Distance Chord Tw/Tg h/ho Distance Chord Tw/Tg h/ho
30.57 49 .25 7315 2942 28.9) 34.95 7244 5008
31.98 50.84 7263 3974 30.78 37.26 7153 4502
33.40 52.37 7219 4702 32.53 39.43 7116 3957
37.60 56.50 7101 5129 34.33 41.55 7133 3766
39.08 57.92 7031 4805 36.29 43.76 7165 3480
41.80 60.34 6995 4454 41.70 49.81 7282 3093
43.25 61.62 6993 4395 45.37 53.70 7356 3008
44 .57 62.74 7045 4248 47.14 55.56 7371 3133
46.03 63.96 7081 4166 49.03 57.47 7361 3205
47.51 65.26 7171 4501 50.84 59.28 7378 3256
48.95 66.44 7223 4241 52.68 61.08 7440 3526
50.31 67.53 7271 4038 54.48 62.81 7466 3667
51.78 68.75 7295 3534 56.34 64.57 7526 3789
53.14 69.77 7335 3735 58.12 66.24 7520 4029
54.62 71.01 7434 4431 59.97 67.92 7504 4577
55.97 71.99 7459 3911 61.77 69.55 7544 4661
57.36 73.07 7461 3636 63.62 71.18 7603 3764
60.29 75.38 7454 3872 65.4] 72.73 7679 3763
61.67 76.42 7454 3877 67.3C 74.37 7696 3401
67.29 80.63 7557 4548 69.07 75.85 7666 3742
70.13 82.74 7559 4688 70.91 77.38 7574 4566
71.51 83.72 7647 4370 72.7¢ 78.84 7577 5093
73.03 84.92 .7718 .4167 74.63 80.37 L7719 .4223
74.39 85.88 727 .3718 76.4C 81.77 .7806 .3363
75.74 86.80 711 .3941 78.27 83.24 .7854 .3164
77.24 87.96 .7600 .4505 81.91 86.03 .7673 .4918
78.62 88.92 .7610 4712 85.55 88.71 .7862 .3235
81.54 91.06 .7807 .3226 87.39 90.05 .8027 .2757
82.88 91.94 .7845 .3403 89.25 91.42 .8104 .3515
84.34 92.98 .7807 .3730 91.03 92.66 .8109 .5648
85.70 93.87 .7665 .3769 92.86 93.93 .7976 .6029
87.11 94.82 .7619 4177 96.55 96.47 .8101 .4062
88.50 95.72 .7829 3183
89.92 96.63 .8014 2592
91.35 97.57 .8073 2091
94 .24 99.40 .7961 3865
95.65 100.24 7862 3197
97.03 101.02 8081 4553
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Table VIII (contd)
Heat transfer data for each run code

RUN CODE 45135

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surface % Axial

Distance Chord Tw/Tg h/ho Distance Chord Tw/Tg h/ho
30.57 49.25 7154 2042 28.90 34.95 7110 4465
31.98 50.84 7117 3197 30.78 37.26 7033 3949
33.40 52.37 7085 3990 32.58 39.43 7005 3477
37.60 56.50 6992 4549 34.38 41.55 7027 3325
39.08 57.92 6933 4297 36.29 43.76 7061 3061
41.80 60.34 6905 4022 41.70 49.81 7187 2745
43.25 61.62 6908 3973 45.37 53.70 7266 2693
44 .57 62.74 6960 3843 47.14 55.56 7283 2780
46.03 63.96 6998 3769 49.03 57.47 7279 2856
47 .51 65.26 7085 4077 50.84 59.28 7302 2937
48.95 66.44 7137 3886 52.68 61.08 7366 3201
50.31 67.53 7181 3649 54.48 62.81 7391 3310
51.78 68.75 7208 3202 56.34 64.57 7450 3403
53.14 69.77 7250 3392 58.12 66.24 7450 3678
54.62 71.01 7345 4029 59.97 67.92 7437 4169
55.97 71.99 7367 3530 61.77 69.55 7479 4237
57.36 73.07 7375 3276 63.63 71.18 7539 3439
60.29 75.38 7376 3522 65.41 72.73 7612 3403
61.67 76.42 7380 3525 67.30 74.37 7633 3111
67.29 80.63 7485 4101 69.07 75.85 7609 3453
70.13 82.74 7494 4272 70.91 77.38 7526 4215
71.51 83.72 7581 3985 72.72 78.84 7531 4695
73.03 84.92 7650 3804 74.63 80.37 7668 3908
74.39 85.88 7660 3358 76.40 81.77 7751 3096
75.74 86.80 7649 3581 78.27 83.24 7796 2879
77.24 87.96 7548 4141 81.91 86.03 7631 4508
78.62 88.92 7562 4352 85.55 88.71 7811 2914
81.54 91.06 7750 2940 87.39 90.05 7970 2506
82.88 91.94 7789 3115 89.25 91.42 8042 3097
84 .34 92.98 7753 3396 91.03 92.66 8047 4815
85.70 93.87 7623 3464 92.86 93.93 7933 5391
87.11 94.82 7583 3834 96.55 96.47 8055 3848
88.50 95.72 7782 2917
89.92 96.63 7959 2388
91.35 97.57 8016 1904
94.24 99.40 7923 3625
95.65 100.24 7834 3055
97.03 101.02 8030 3950

101



Table VIII (contd)
Heat transfer data for each run _code

RUN CODE 45145

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surfacea % Axial

Distance Chord Tw/Tg h/ho Distance Chord Tw/Tg h/ho
30.57 49.25 7165 1982 28.90 34.95 7149 475z
31.98 50.84 7131 3242 30.78 37.26 7071 418t
33.40 52.37 7098 4057 32.58 39.43 7039 363
37.60 56.50 7007 4637 34.38 41.55 7061 346¢
39.08 57.92 6950 4393 36.29 43.76 7093 3161
41.80 60.34 6926 4152 41.70 49.81 7224 287¢
43.25 61.62 6928 4084 45.37 53.70 7305 2843
44.57 62.74 6982 3945 47.14 55.56 7323 2943
46.03 63.96 7020 3865 49,03 57.47 7318 3028
47.51 65.26 7108 4166 50.84 59.28 7342 3114
48.95 66.44 7161 3968 52.68 61.08 7408 3397
50.31 67.53 7208 3756 54 .48 62.81 7433 3520
51.78 68.75 7235 3284 56.34 64.57 7494 3624
53.14 69.77 7276 3484 58.12 66.24 7492 3899
54.62 71.01 7375 4156 59.97 67.92 7478 4427
55.97 71.99 7399 3638 61.77 69.55 7522 4505
57.36 73.07 7404 3371 63.63 71.18 7580 3655
60.29 75.38 7404 3626 65.41 72.73 7654 3617
61.67 76.42 7409 3634 67.30 74.37 7671 3261
67.29 80.63 7515 4231 69.07 75.85 7647 3650
70.13 82.74 7523 4403 70.91 77.38 7564 4487
71.51 83.72 7613 4129 72.72 78.84 7569 4995
73.03 84.92 7682 3895 74.63 80.37 7706 4141
74.39 85.88 7692 3464 76.40 81.77 7788 3272
75.74 86.80 7678 3672 78.27 83.24 7834 3062
77.24 87.96 7574 4222 81.91 86.03 7667 4792
78.62 88.92 7586 4434 85.55 88.71 7850 3140
81.54 91.06 7781 3002 87.39 90.05 8009 2675
82.88 91.94 .7818 .3161 89.25 91.42 .8082 .3286
84.34 92.98 .7782 .3449 91.03 92.66 .8087 .5227
85.70 93.87 .7648 .3530 92.86 93.93 .7966 .5749
87.11 94.82 .7608 .3934 96.55 96.47 .8086 .3978
88.50 95.72 .7811 2957
89.92 96.63 .7996 2470
91.35 97.57 .8050 1937
94,24 99.40 .7948 3673
95.65 100.24 .7857 3144
97.03 101.02 8060 4132
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Table VIII (contd)
Heat transfer data for each run_code

RUN CODE 45155

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surface % Axial

Distance Chord Tw/Tg h/ho Distance Chord Tw/Tg h/ho
30.57 49.25 7201 22217 28.90 34.95 7189 5070
31.98 50.84 7171 3538 30.78 37.26 7107 4440
33.40 52.37 7138 4349 32.58 39.43 7073 3836
37.60 56.50 7035 4846 34.38 41.55 7092 3629
39.08 57.92 6971 4558 36.29 43.76 7127 3350
41.80 60.34 6939 4242 41.70 49.81 7259 3062
43.25 61.62 6938 4173 45.37 53.70 7339 3002
44 .57 62.74 6991 4022 47.14 55.56 7358 3133
46.03 63.96 7028 3938 49.03 57.47 7354 3254
47 .51 65.26 7118 4265 50.84 59.28 7379 3375
48.95 66.44 7169 4014 52.68 61.08 7445 3666
50.31 67.53 7215 3798 54.48 62.81 7469 3802
51.78 68.75 7242 3324 56.34 64.57 7531 3918
53.14 69.77 7284 3507 58.12 66.24 7528 4187
54.62 71.01 7382 4149 59.97 67.92 7515 4757
55.97 71.99 7408 3663 61.77 69.55 7557 4841
57.36 73.07 7412 3408 63.63 71.18 7612 3911
60.29 75.38 7409 3657 65.41 72.73 7686 3904
61.67 76.42 7414 3664 67.30 74.37 7702 3561
67.29 80.63 7518 4211 69.07 75.85 7675 3934
70.13 82.74 7524 4383 70.91 77.38 7586 4766
71.51 83.72 7614 4063 72.72 78.84 7589 5282
73.03 84.92 7689 3937 74.63 80.37 7728 4419
74.39 85.88 7697 3417 76.40 81.77 7812 3555
75.74 86.80 7682 3632 78.27 83.24 7859 3353
77.24 87.96 7574 4217 81.91 86.03 7683 5086
78.62 88.92 .7587 .4438 85.55 88.71 .7866 .3408
81.54 91.06 .7786 .2955 87.39 90.05 .8027 .2945
82.88 91.94 .7824 .3109 89.25 91.42 .8099 .3577
84.34 92.98 71785 3399 91.03 92.66 8104 5619
85.70 93.87 .7646 .3494 92.86 93.93 .7978 .6188
87.11 94.82 .7603 .3926 96.55 96.47 .8096 .4337
88.50 95.72 7813 2923
89.92 96.63 .7996 2326
91.35 97.57 .8055 1837
94.24 99.40 .7947 3668
95.65 100.24 7851 3144
97.03 101.02 8057 3997
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Table VIII (ccntd)
Heat transfer data for eact run code

RUN CODE 45303

SUCTION SURFACE PRESSURE SURFACE
% Surface % Axial % Surface % Axial

Distance Chord Tw/Tg h/ho Distance Chord Tw/Tg h/ho
30.57 49,25 7804 7929 28.90 34.95 7482 5637
31.98 50.84 7745 8023 30.78 37.26 7373 5228
33.40 52.37 7693 8223 32.58 39.43 7334 4635
37.60 56.50 7532 7849 34.38 41.55 7363 4487
39.08 57.92 7446 7274 36.29 43.76 7412 4298
41.80 60.34 7384 6585 41.70 49.81 7571 3955
43.25 61.62 7375 6471 45.37 53.70 7673 4041
44 .57 62.74 7435 6320 47.14 55.56 7692 4199
46.03 63.96 7475 6282 49.03 57.47 7681 4343
47.51 65.26 7573 6767 50.84 59.28 7703 4488
48.95 66.44 7627 6366 52.68 61.08 7776 4859
50.31 67.53 7679 6120 54.48 62.81 7805 5057
51.78 68.75 7700 5389 56.34 64.57 7875 5237
53.14 69.77 7743 5676 58.12 66.24 7866 5600
54.62 71.01 7850 6679 59.97 67.92 7842 6313
55.97 71.99 7875 5948 61.77 69.55 7881 6395
57.36 73.07 7871 5574 63.63 71.18 7945 5183
60.29 75.38 7857 5931 65.41 72.73 8030 5208
61.67 76.42 7847 5900 67.30 74.37 8046 4756
67.29 80.63 7928 6476 69.07 75.85 8002 5144
70.13 82.74 7920 6745 70.91 77.38 7886 6162
71.51 83.72 8015 6322 72.72 78.84 7880 6829
73.03 84.92 8093 6237 74.63 80.37 8039 5689
74.39 85.88 8094 5421 76.40 81.77 8137 4573
75.74 86.80 8065 5611 78.27 83.24 8187 4278
77.24 87.96 7931 6319 81.91 86.03 7958 6538
78.62 88.92 7935 6609 85.55 88.71 8166 4262
81.54 91.06 8199 4808 87.39 90.05 8355 3719
82.88 91.94 8199 5116 89.25 91.42 8436 4928
84.34 92.98 .8144 5445 91.03 92.66 8425 7633
85.70 93.87 L7971 5372 92.86 93.93 8257 8121
87.11 94.82 .7907 5828 96.55 96.47 8398 5315
88.50 95.72 .8147 4685
89.92 96.63 .8365 4159
91.35 97.57 .8418 3351
94 .24 99.40 .8267 5835
95.65 100.24 .8137 4738
97.03 101.02 8393 6912
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Table VIIT (contd)
Heat transfer data for each run code

RUN CODE 45304

% Surface % Axial 9 Surface % Axial

Distance Chord Tw/Tg h/ho Distance Chord Tw/Tg h/ho
30.57 49.25 7883 8312 28.90 34.95 7606 6490
31.98 0.84 7824 8476 30.78 37.26 499 6046
33.40 52.37 7771 8705 32.58 39.43 7451 5266
37.60 56.50 7608 8330 34.38 41.55 7470 4985
39.08 57.92 7521 7700 36.29 43.76 7510 4731
41.80 60.34 7454 6927 41.70 49.81 7641 4175
43.25 61.62 7443 6782 45.37 53.70 7726 4109
44.57 62.74 7502 6624 47.14 55.56 7739 4273
46.03 63.96 7542 6585 49.03 57.47 7723 4395
47.51 65.26 7638 7059 50.84 59.28 7737 4498
48.95 66.44 7690 6613 52.68 61.08 7803 4823
50.31 67.53 7742 6372 54.48 62.81 7831 4996
51.78 68.75 7761 5600 56.34 64.57 7895 5160
53.14 69.77 7803 5912 58.12 66.24 7884 5510
54.62 71.01 7911 6985 59.97 67.92 7857 6200
55.97 71.99 7934 6203 61.77 69.55 7891 6265
57.36 73.07 7929 5805 63.63 71.18 7955 5049
60.29 75.38 7913 6191 65.41 72.73 8038 5017
61.67 76.42 7901 6166 67.30 74.37 8053 4551
67.29 80.63 7972 6733 69.07 75.85 8009 4939
70.13 82.74 7960 7005 70.91 77.38 7892 5984
71.51 83.72 8054 6593 72.72 78.84 7887 6674
73.03 84.92 8131 6608 74.63 80.37 8045 5503
74.39 85.88 8129 5694 76.40 81.77 8144 4392
75.74 86.80 8102 5888 78.27 83.24 8194 4115
77.24 87.96 7963 6590 81.91 86.03 7961 6312
78.62 88.92 7966 6850 85.55 88.71 8169 4042
81.54 91.06 8184 5042 87.39 90.05 8359 3538
82.88 91.94 8224 5375 89.25 91.42 8439 4694
84.34 92.98 8169 5698 91.03 92.66 8429 7276
85.70 93.87 .7994 .5537 92.86 93.93 .8265 .8000
87.11 94,82 .7930 .5999 96.55 96.47 .8411 .5257
88.50 95.72 .8166 4865
89.92 96.63 .8382 4380
91.35 97.57 .8435 3593
94.24 99.40 .8284 6013
95.65 100.24 815 4870
97.03 101.02 8411 7138
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Table VIII (contd)
Heat transfer data for each run code

SUCTION SURFACE PRESSURE SURFACE

o Surface % Axial e Surface % Axial

Distance Chord Tw/Tg h/ho Distance Chord Tw/Tg h/ho
30.57 49,25 7829 7370 28.90 34.95 7671 7480
31.98 50.84 7779 7966 30.78 37.26 7570 6859
33.40 52.37 7734 8428 32.58 39.43 7521 5954
37.60 56.50 7569 8130 34.38 41.55 7532 5535
39.08 57.92 7481 7504 36.29 43.76 7567 5213
41.80 60.34 7414 6728 41.70 49.81 7679 4522
43,25 61.62 7403 6584 45.37 53.70 7750 4373
44,57 62.74 7462 6418 47.14 55.56 7758 4503
46.03 63.96 7504 6378 49.03 57.47 7735 4604
47.51 65.26 7604 6882 50.84 59.28 7745 4699
48.95 66.44 7657 6454 52.68 61.08 7806 5015
50.31 67.53 7707 6154 54.48 62.81 7826 5145
51.78 68.75 7726 5385 56.34 64.57 7885 5250
53.14 69.77 7767 5674 58.12 66.24 7869 5547
54.62 71.01 7875 6704 59.97 67.92 7839 6222
55.97 71.99 .7898 .5935 61.77 69.55 .7871 .6281
57.36 73.07 .7894 .5548 63.63 71.18 .7931 .5056
60.29 75.38 .7875 .5922 65.41 72.73 .8010 .5034
61.67 76.42 .7859 .5890 67.30 74,37 .8022 .4526
67.29 80.63 .7933 .6490 69.07 75.85 .7975 .4884
70.13 82.74 .7919 .6756 70.91 77.38 .7857 .5879
71.51 83.72 .8011 .6318 72.72 78.84 .7848 .6515
73.03 84.92 .8087 .6283 74.63 80.37 .8004 .5364
74.39 85.88 .8085 .5447 76.40 81.77 .8101 .4269
75.74 86.80 .8057 .5651 78.27 83.24 .8148 .3953
77.24 87.96 .7920 .6321 81.91 86.03 .7918 .6129
78.62 88.92 .7920 .6563 85.55 88.71 .8122 .3932
81.54 91.06 .8141 .4890 87.39 90.05 .8310 .3421
82.88 91.94 .8179 .5193 89.25 91.42 .8389 .4459
84.34 92.98 .8123 .5478 91.03 92.66 .8379 .7005
85.70 93.87 .7950 .5351 92.86 93.93 .8217 .7635
87.11 94.82 .7886 .5817 96.55 96.47 .8359 .4972
88.50 95.72 .8117 .4653
89.92 96.63 .8327 .4081
91.35 97.57 .8383 .3381
94,24 99.40 .8239 .5859
95.65 100.24 .8112 .4816
97.03 101.02 .8360 .6772
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Table IX.
Discharaqe coefficient and blowing ratio data for
heat transfer runs

RUN CODE SUCTION SIDE LEADING EDGE PRESSURE SIDE
co BLR CD BLR cD BLR
34000 0.000 0.000 0.000 0.000 0.000 0.000
34103 0.668 0.862 0.000 0.000 0.796 1.486
34104 0.685 0.906 0.000 0.000 0.779 1.982
34105 0.667 0.916 0.000 0.000 0.748 2.538
34135 0.672 0.928 0.738 1.509 0.746  2.556
34145 0.666 0.917 0.735 2.197 0.743 2.528
34155 0.668 0.904 0.737 2.990 0.745 2.509
34303 0.656 0.724 0.000 0.000 0.732 1.246
34304 0.661 0.752 0.000 0.000 0.735 1.700
34305 0.682 0.813 0.000 0.000 0.738 2.265
43000 0.000 0.000 0.000 0.000 0.000 0.000
43103 0.734 0.930 0.000 0.000 0.753 1.345
43104 0.743 0.966 0.000 0.000 0.761 1.908
43105 0.744 1.000 0.000 0.000 0.758 2.449
43135 0.743 1.017 0.755 1.542 0.756 2.517
43145 0.748 1.015 0.755 2.285 0.755 2.449
43155 0.741 0.992 0.756  3.003 0.757 2.418
43303 0.740 0.820 0.000 0.000 0.779 1.344
43304 0.741 0.846 0.000 0.000 0.772 1.760
43305 0.761 0.905 0.000 0.000 0.767 2.353
44000 0.000 0.000 0.000 0.000 0.000 0.000
44103 0.668 0.830 0.000 0.000 0.760 1.338
44104 0.679 0.874 0.000 0.000 0.758 1.801
44105 0.730 0.974 0.000 0.000 0.778 2.531
44106 0.759 1.184 0.000 0.000 0.762 4.110
44107 0.823 1.453 0.000 0.000 0.754 5.267
44108 0.853 1.584 0.000 0.000 0.777 6.328
44133 0.673 0.843 0.756 1.493 0.765 1.375
44135 0.697 0.936 0.745 1.444 0.750 2.444
44144 0.680 0.873 0.749 2.163 0.757 1.852
44145 0.693 0.919 0.741 2.115 0.747 2.404
44155 0.697 0.941 0.743 2.962 0.748 2.463
44203 0.674 0.796 0.000 0.000 0.789 1.383
44204 0.679 0.821 0.000 0.000 0.770 1.805
44205 0.694 0.870 0.000 0.000 0.752 2.327
44303 0.672 0.753 0.000 0.000 0.785 1.333
44304 0.685 0.778 0.000 0.000 0.750 1.712
44305 0.695 0.827 0.000 0.000 0.734 2.229
44306 0.789 1.085 0.000 0.000 0.768 3.703
44307 0.828 1.230 0.000 0.000 0.768 4.571
44308 0.875 1.373 0.000 0.000 0.783 5.374
44333 0.669 0.742 0.776  1.474 0.788 1.316
44344 0.685 0.777 0.748 1.959 0.755 1.695
44355 0.696 0.832 0.732 2.641 0.735 2.223
45000 0.000 0.000 0.000 0.000 0.000 0.000
45103 0.723 0.904 0.000 0.000 0.772  1.375
45104 0.760 0.990 0.000 0.000 0.751 1.893
45105 0.796 1.075 0.000 0.000 0.759 2.497
45135 0.780 1.059 0.761 1.873 0.759 2.502
45145 0.759 1.025 0.753 2.248 0.752 2.426
45155 0.808 1.109 0.763 3.260 0.758 2.597
45303 0.730 0.802 0.000 0.000 0.744 1.223
45304 0.751 0.836 0.000 0.000 0.736 1.654
45305 0.770 0.909 0.000 0.000 0.738 2.241
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APPENDIX B
HEAT TRANSFER DATA COMPARISON PLOTS

Figures 43-97 contain data comparison plots for the downstream and
leading edge film-cooled C3X cascade. Figures 43 and 44 show normalized heat
transfer coefficient distribution plots for the baseline (i.e., non-film
cooling) runs. The remaining figures contain Stanton number reduction (SNR)
plots for all combinations of the parametric variation. The figure titles
describe which parameter is varied and display the run codes for the data
series. For a complete explanation of the run code, refer to Test Conditions
(Section III). The values of all parameters indicating which are kept con-
stant and which ones are varied, are shown by the plot descriptor.
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APPENDIX C
TABULATED THROAT PASSAGE STATIC PRESSURE DATA

Tabulated throat passage static pressure data for each run code of the
downstream and leading edge film-cooled C3X cascade are presented in Tables X
and XI. These data sets are listed in run code order, and the actual opera-
ting conditions associated with each run code were given previously in
Table VI. Table X contains the upper passage throat static pressure data
while Table XI contains the lower passage data. Throat passage static pres-
sure data are tabulated as static-to-injet total pressure ratio versus percent

surface distance from the upper vane surface midspan to lower vane surface
midspan.
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ACF
ASME
ASTM
CA
CAD/CAM
cint

Ma

Ma,y
Ma,
Nup

NOMENCLATURE

Aerothermodynamic Cascade Facility

American Society of Mechanical Engineers

American Society for Testing and Materials
chromel-alumel

computer-aided design/computer-aided manufacturing
coolant

specific heat at constant pressure

central processing unit

correction factor for thermal entrance region effects
cathode ray tube

cooling hole diameter

surface normal temperature gradient

finite element model

heat transfer coefficient

heat transfer coefficient with film cooling
normalized heat transfer coefficient

heat transfer coefficient without film cooling
reference heat transfer coefficient for normalization
Hewlett-Packard

laser Doppler anemometer

leading edge

mega

Mach number

upstream or vane row inlet Mach number

downstream or vane row exit Mach number

diameter Nusselt number
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Pe/Pyt coolant-to-inlet tota] pressure ratio (blowing strength)

Pc’ds/Pt downstream film coolant-to-inlet total pressure ratio
Pc,]e/Pt Teading edge film coolant-tc-inlet total pressure ratio
Pc,ps/Pt pressure side film coolant-to-inlet total pressure ratio
Pc,ss/Pt suction side film coolant-to-inlet total pressure ratio
P/D hole pitch-to-diameter ratio

Pr Prandt1 number

ps pressure side

PS surface static pressure

Ps/Pt Tocal static-to-inlet total pressure ratio

PT1 cascade inlet total pressure

R gas constant

Re Reynolds number

Rep diameter Reynolds number

Rel upstream or vane row inlet Reynolds number

Re2 downstream or vane row exit Reynolds number

S hole spacing

S percent surface distance

Ss suction side

S/D hole spacing-to--diameter ratio

SNR Stanton number reduction

Stre Stanton number with film cooling

StNFC . Stanton number without film ccoling

T ? temperature

Te coolant plenum temperature

TC/Tg coolant-to-gas absolute temperiture ratio (thermal dilution)
Tg cascade inlet total temperature

TT1 cascade inlet total temperature
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vane surface temperature

vane surface-to-gas absolute temperature ratio
freestream velocity

coolant velocity

streamwise coordinate

surface normal coordinate

freestream density

coolant density
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